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[»*S13 \>XT<D (a) Sfctt (b) 

(a) W3\m • EJU#^1 fcKttSftfcT $ SWSMfr 

(b) T^yRE^J (a) Cfcl^T, ItKttftl© 

»E7U frhtahfyrtf £ P Q Q ^^JJe 

[»**3 3 ttT^(e) Sfctt (f) ©^vy^f 
ti^PQQSa^IttS^^-^ft Fny 

(e) EJUS ■ EJlJ#-9-3^E«SnfcT $ /iE?J^ 

(f) 7*y»E?U -(e) trfc^T. lt)Klifti«D 

[«t*»4 3 EJU* - EJiJ*^3K:E«sn*T5 y 

C»*3S5] (a) Sfcli (b) 

Tfe6PQ.Q^I^fii:1-^^>3-^Tt Fay 

(a) E?!l* • E?J#-§-l trBE«SnfcT5 y»E5aA* 

(b) T^y^E^J (a) k*3^t, ltKiiftio 

[»*E6] EJU* • E?J**i trfsHK£n6T^ y 
RE^JA* & & * v StS) Z> P Q Q fcif^f-R*: 

[»*B7] KJLT© (c) Sfcli (d) £>?W^J? 

(c) E?M • E?J#-5-2tiEIRSnfc*aaSE?!l3&*e>3&: 
SDNA 

(d) ±15 (c) ©E?U£*5V^ 1 t> L< J±8rtl©*fi 
^xt Kn'yt- tfffitt£*~f 6? Kir 

£ DN A 

[»**8] EJUS • EJU»^2CK*Sna**E 

JU*p 6 ft £ D N A £**r £ P Q Q ^m^l-m £ "T £ if 

H»*J9] HTF© (e) Sfcli (f) 



(e) E?IJK - EM«-5-3twlE«SnfcT5 y»E5»J*^ 
.(f) 7*ySE?»J (e) K&l^T. ltKSfti© 

Mf*»l 0] EW* • E^J#^3Kf5«t$n&T^ 
y »E5Uj&* 6 £ * V ^ Stl) 5PQQ SrJt^fl^lK 

[»*B1 1] feUT© (g) (h) <D9>rt? 

«tfeSPQQ^l^Ii:t^^^-^rl: Fn 

(g) EJU* • E5U#-5-4tE*S*xfc*a6E5»J*»e>'& 
§DNA 

(h) ±15 (g) <&E?Ufc*3^T\" 1 ti U < 

7ft Kny^--egt£**-r<&* y^Kfcs- F L 
Tl^DNA 

2] E?U* ■ E5U#-^4CfE«SftSJSS 
E5»J SDN A**?"* PQQ^i^fKi:T^ 

3] »*«5-i 2 0^rn^\zmm<DP 
^-Ftagfmt^aM^^^- 

4] PQQ**>:»fIi:T4^3-^ 
ft Fny^--tf^n- KfSag^ft^trDNAIPf^r 

j&*fi*&s*u *opqq££ib£*t£»±*k:*3^ 

5] Sf*»l 3Sfcli 1 4l;:f5i8c©S&x. 

ft Fny^---tf^T->^ hA^^-'^^nT-fef-f 
# ^ (Acinetobacter calcoaceticus ) & L < liTS"* 
h/^^ — M^7^y- (Acinetobacter baumannii ) 

[st*ai 7] poQ^itg^ttsaftfttf^i- 

Ktt^ (Pseudomonas ) JRSfcliTv'* hA^* — 
(Acinetobacter ) JRfc:«?*S»£*T&*tt#« 1 5 

83 PQQ£6fi6**T*{*£***^-- 
F^e^~^ * 3i;u^ryit (Pseudomonas aeruginosa) ^ 
^—p^-fx . 7ji/^i/7-fey^ (Pseudomonas fluore 
scens ) . S/i— F^e^-^-^^ 1 ^ (Pseudomonas puti 
da) , 7i/^h/^^-'^^=i7tf^^ (Acinet 
obacter calcoaceticus ) > V^i?9 — • v'^^^ 
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>— (Acinetobacter baumannii ) £*£>£c5fflf«fc 9 31tf 

9] PQQ£SIB**T3*±*#*>^-- 
F^^-^ • ~f^-Y (Pseudomonas putida) ■C&Sfflf*^ 

1 7 SB*<0»JME*fto 

[»*B2 0] PQQ££IE**"r£»£»#75'* 

■hs*9 9 — : i3 )\r^T**T 4 ±7. (Acinetobacter calc 
oaceticus ) iL< liTv'* h * — ■ A^vy- 
(Acinetobacter baumannii ) T&&fi**Sl 7iBHO 

[Mf**2 1] PQQti*»f*!:t6^3-^ 

[«#*2 3] PQQfri^fileiitS^a-^ 

^7 X (Acinetobacter calcoaceticus ) 4>L<&T>'^ 
b/S^^— • y^7>; (Acinetobacter baumannii ) 
i3R^^feTfei>ff*^2 2f»©^>^^rl: F 

2 4] P Q Q±«te**-r £ # * - 
F^etX (Pseudomonas ) JRSfciiTS/* h * - 
(Acinetobacter ) JR^JRi" S«S4ft"e*>S»**2 3 
KIR©^;^ — 7ft Fny^--t?©fi[jfi;Sffio 
[»*K2 5] PQQ^EtB***-**^***^-- 
F^E^X ■ x;l/^y*th (Pseudomonas aeruginosa) > > 
jx— F^-^-X • 7;i/^l/yty7 (Pseudomonas fluore 
scens ) „ F^E^-X • (Pseudomonas puti 

da) . 7->*h/^^-'*;V37^f^^ (Acinet 
obacter calcoaceticus ) , hA^^ — ■ 

V— (Acinetobacter baumannii ) A* £e W <fc Oltf 
nfc»4»TfeS»*a2 3f5*0^=J-Xx t Fn 

[»**2 6] PQQ£etE**TStt£»#S/:*-- 
Ktt^ • ^*-y (Pseudomonas putida) "CfeSW*^ 

2 2>mm<blf)l<^-*Tic Fny±— tfCDSifiS'ffio 

[«*3g27] ■ PQQ££t6**r*»£*tfr$/* 
h ^— • -f Ji X (Acinetobacter calc 

oaceticus ) ^L< liTf* h A^?- • A*?^n/- 
(Acinetobacter baumannii ) TS>2>fflf#*2 3IE*fc© 

[»*3B2 8] PQQ*«*»fKktS^3-7 
xt: Kny^-- tf*«pr»ttt?**|||*?|2 6 4fctt2 7 



[»*S2 9] PQQ^i^fS^t^^^-^ 
rt Fny^--tf%GOOD<3!?»«*a>flF^ET{3J!S|gft 
»LT«»t5:!:S:»»i:t5^3-^Tt Fny 

[«*^3 0] i? A->"> A^»fft^>ISta2 9!B*' 

[8**3(3 1] GOOD^IiWP I PES. ME 
S. MOPS**6a:S»J:0a«nfctt««"C*S»* 
Jg3 0$fett3 1 tZgE«0)^;W3-^-r t Fny*-- tf 
CDSSJ&fb^ftto 

[»**3 2] PQQ^»fli:t^^^-^ 
r k F n y t-^* G O O D ©8««©#ftt 

[»*«3 3] *;i/>")A#*fftS»*:a3 2 IB* 
0©^3-xf t K°yt- -tffiJflEtto 

GOODCDftWSK^P I PES. ME 

s, MOPs^^fessjioatfnfcRiB*^*^** 

^3 2£fcli3 3{wiB«©^;V3-^f f t Koyt- tf 
[0 00 1] 

Ktt«ffjB4^3-^f t Knyt-i? <«T\ G 
DHi:fcW"5) . »GDH%3-FTSagf, ^EGD 

ri:»3j:SGDH©»Jfi*«S, GDH<Z>3f5£<b*ifcfc€> 

t/ Rssef b#* cio $ n it g d h asm k w 

[0 0 0 2] 

GDHli, 1 9 59^i:y^x-©J. 
G.Hauge J: o T*^Q^^r V yfb^*«r**r t 
TSkSSftfco — ^ PQQ (Pyrrolo Quinoline Quin 
one) ttBt7k*»*6D»=<3!)»»*i:UT, 1 9 79^ 

[0003] : n 6 0 if tuitf 5 W^l 

7CT?SSCD"C, - h n^-f h 77'J ^ 

— ^i&i^costE'c&^oT. »*©<b-&*©3e* 

Cffi#T*/BT&£fcSnT^* (fi&UJ*. Methods in 
Enzymol. I89§, 2 0 (1 982) ) „ 
[0 0 0 4] PQQ*«fc#^i£fc?-*#*© + ^*fc 
*ffittj&*i«V^li, PQQftSttGDHTft^ Jfll^CD 
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t3^'T^^^=i-^^^^^-'tf J ^NAD (P) ft^F 

[0 0 0 5] iEPQQftM^^lKfc-rSGDH©^ 

(Acinetobacter calcoaceticus ) LMD79.41 (A. -M. Cle 
ton-Jansen£, J. Bacteriol. , 170, 212 1 (19 
8 8) *5£t/Mol. Gen. Genet., 2 17, 43.0 (198 
9) ) , lyi'JtT-^iJ (Escherichiacoli ) (A. 
-M.Cleton-Jansen^, J. Bacteriol. , 1 7 2, 63 0 8 

(1 9 9 0) ) . ^nyA^- • (Gl 
uconobacter oxydans ) (Mo 1. Gen. Genet. , 2 2 9, 2 
0 6 (1 9 9 1)) «t*ftShTi30, ^IllT?©* 

[0 0 0 6] 

i:*»6nife^ tlPQQ4i^»fii:tSGD 
H ^ 3 „ K ^ ^ ^^.^ ^ T ^ ^ >7 ^ - -e 

' PQQtttt*i:tT'**Ci«fflfT&S, Sfc, XHlft* 
- ;VT*tt£T © 7 sKUd* * n ffl £ SSI £ nft V^ z Z. ifi 

[0 0 0 7] Biotechnol.Lett., 16, 12, 1 

2 6 5 (1 9 9 4) Ctt»Jie«*»Sft««-rSB, 

«*{3PQQ%anx.Tffitt©*SshnHGDH«r*S-r 

^*tZffll^<&^fe£o S££, Mol. Gen. Genet., 2 
2 9. 2 0 6 (1 9 9 1) Ktt. 

^S/^yxcDGDHS^-KtsaefBTit^^^^ 
[0 0 0 8] 

fcr*GDH«T3- FT*iie-f %*trDNAWfrt-*a 

GDH^^-r^^iitZctoX, ^ffitrGDH^^fi^ 



[0 0 0 9]t&tot., ^H^te. PQQ^ffi^S 
i:t^GDH^3- Kr£«£g-f **trDNAWftf Srfi 

a^■e/J:sfilfti-<^^-■epQQfeSfiB 3 gr*■rs»^ 

[0 0 10] UTF© (a) %tz\Z (b) ©* 

y;^Sti)^PQQ%M^fii:t^^^-^r 

(a) EMS * EM#^1 Kfe«$n?c7S y®eEMri* 

(b) 7^y®EM (a) KfcV^T, ltK-ttRi© 

EMS • E«»*l i:E«snS7^»E 

M^£>fc£? P QQftM^f S 

[0 0 1 1 ] (e) Sfctt (f ) <D9 

y;^S^^)PQQ^»fIJ:t^^>=i-^r 

(e) EJUS • EM#^3fcSE«Sftfc7 5 y»E?Ua* 

(f) 75/ REM (e) Hfcl^T, lfcLOMMI© 

ems • E?J*-9-3ciB«sns7 $ y»E 

^e&^^W^R-eft^PQQSri^RttS 
[0 0 12] *&W\t. UTO (a) Sfcli (b) (0 9 

(a) EMS • E»^l ir!E«Snfc7$ SWtWMfr 

■(b) 7^iE?J (a) trfcv^t, 1^L< 
7^/tE?J^^> Bifefc t < &ttm£titzT$ ;m 

EM* ■ E?JW 1 CE«Sn*7 $ /iE 

Mj&*e>ft£* WN 6 ^KT*&£PQQ£ffi^^tT£ 
KD^t- -If* =3— K"f Sitfis-f-'C*) 

[0 0 13] KIT© (c) Sfcli (d) 

yy^fitfe^PQQ^^fi^t^^^-^r 

(c) EMS • EM*^2KiE«Snfci6SEM**6*c 
5DNA 

(d) ±15 (c) <z>EMK*3^t\ lfcb<»«MI©* 
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6DNA 

EM* • EM#^2K£«sn**»E?U* 

5>^DNA%*tSPQQ *-lf ^C^^K i: "T -5 ^ A- = 

[0 0 14] fcTF© (e) Sfcfc (f ) <Z>* 

(e) E?U«- E?»J#-^3tE«snfcr^ y»E5U*^ 

(f) 7$y»E?»J (e) £i5^T. 1 i b < ti»*B<Z> 

[0 0 15] UTF© (g) S fctt (h) c£>? 

(g) EJUS.- E?IJ#-^4^E«snfc*S3IE?U*^3&: 
-5> D N A 

(h) ±E (g) ©E?UK:*5^"t\ ltKliSfoi' 

"CV^DNA 

E?JS ■ E^J#^4KE«Sn£«SE?Uj&* 
5»45DNAt#tSPQQ*i^»fKefcf5^3 

[0 0 16] ±EPQQ*M*#-?JKfc-r5 

tSfiJIA^^^-tiSo PQQ^» 

[0 0 17] ±EOfi8ii^^^-"ePQQ 

So PQQM^fSi:t^^3-^r 
t Knyt-if^7y^ h * — • ij;^7tf^ 
^ (Acinetobacter calcoaceticus ) h L < l&T is h 
A^^ — * (Acinetobacter baumannii ) & 

m*^kT is (Pseudomonas) ff 

Sfcli7*>* hA^ # — (Acinetobacter ) M^MT Z> 

[0 0 18] PQQ*«tE**^--5«*»365 
i/^ — K^E^-^ • jLjv^fy^r (Pseudomonas aeruginos 



a) 1 'S/a-K : Et7'7^l'yty^ (Pseudomonas 
fluorescens ) „ i/a- Ktt^ * (Pseudomon 

as put i da) „ 7->* FA^^- • *;V37t7>f 
(Acinetobacter calcoaceticus ) „ 7v^FA^^- 
■ A^vyz (Acinetobacter baumannii ) ;6*£>ft£ffif 

Wtt, PQQ££tB**rs»£*#5/i-- K**x • 
-f^-*f (Pseudomonas putida) "C&£ JiETgRteifeft-C 

h^^^ - • iJ/^7tf'f (Acinetobacter calc 
oaceticus ) i> L< fiTS^* h/^^- • 

(Acinetobacter baumannii ) "Cfe£±l5£>^®l5ftffc 
■C**o PQQ*«X»f«fct5^3- 

[0 0 19] **WI4, PQQ5;ffl^flJ;ti^ 
A Iff £ ffiiZ^ T' & * A ^ * * - T P Q Q£g|g & 

[0 0 2 0]*»Wtt, PQQ^iJ:»fSJ:t5^ 
•fe^-f (Acinetobacter calcoaceticus ) t U < 

c 

Ti/% • /^7>z (Acinetobacter bauman 

nii ) ftS£(5»4ftTi5iS50^3-^r t Fny' 
^— e©»J6**-C*S. PQQ£j£6E£% 
■fSJSfeW^^i— ±x (Pseudomonas) JS^fctt 
7->^hA^^- (Acinetobacter ) JKKJST5IS£% 

So 

[0 0 2 1] *»9§tt, PQQ££tB&*f 
^o. — K^E^-^ • xyl/^V"^ (Pseudomonas aeruginos 
a) . ^a-K^tX- 7;^VybV^ (Pseudomonas 

fluorescens ) „ ^a-K^t^ • (Pseudomon 
as putida) . 7*>* hA^^- • A^J7tf-f 

(Acinetobacter calcoaceticus ) ^ T i/%Y J^Z 9 — 

* A^W~ (Acinetobacter baumannii ) ib % htj;Z>%$ 

-tf©»£2f«"e*>*. PQQ£MtE£*ir 
S0S*»*^>a- Ktt^ • Zf?-? (Pseudomonas puti 
da) "e*5±iB^3-7rt K ny±— tfcoSSifiS'ft 
PQQ£StE**1-*»±*l#T5/ 
^> H A;? ^ — • ^7 yi^ n T "b T" # (Acinetobacter ca 
lcoaceticus ) tl< h A;? ^ — • v y - 

(Acinetobacter baumannii ) "Cafe S_LIS^VV n — x x 
t Fn^t- tf^SifiSft-CfeSo *^^ti, PQQ=& 

-C^feSJiIS^^^-X^t: Kayt-tfcHfiSSt* 
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So 

t FnY*-Hf&GOOD©««*©##T£ 
*ft"C*So GOODCD8»«*PIPE 

s, mes, MOPs^b&sp.tDaanfctttBflK-e 

So 

[0 0 2 3]*»!8tt, PQQ^»fSi:t^^ 
3-7ft Kny±— tfftGOODO«flff}S[C!)^Tl3 

»Ej&*P.IPES, me s, "MOPsa^fesiM ostf 

[0 0 2 4] 

4GDH*3- FI-sae^^trDNAWr^tt. GD 

5- 4% 7** 7'>^ h/^^- • /W^y- (Acinetobac 
ter baumannii ) . v^— F^Ef-X • x^^y^ (Pseu 
domonasaeruginosa) „ j/a-^t^'^f / (Pseud 
omonas putida) . i/a— F-=E^-^ * 7Wl/ft^^ 
(Pseudomonas fluorescens ) . if )Vz? / 9 — • 

j%9 9 — (Agrobacteriumradiobacter ) . i^i'Jt 
7o'J, ^u^i/ — ni^ — (Klebsiella 
aerogenes) S ^ k*«-C*S. fctf* 

7->^hA^^-- /^vy-^pJ^ttGDH^Sf^ L 

[0 0 2 5] ^GDH£=>- Kt5agfttrne>©s 

t5„ Se>K/PCRft©*JffiKJ:9, PQQ^I*^ 
[0 0 2 6] _hiaGDH£=J- Ff Sitg^i: LTIi, 

«*« (a) mpm -mpm^i^mmztitzT^swi 
wMfr*>t£*>9 y/^i^n- Ktsaef, sfctt 

(b) T$V»E?U (a) K*5V^T, ltL<tiftffl© 
ft^^y/^St^^PQQ^l^fSiit^^ 

So 



[0 0 2 7] *fc. (e) E*U*-E3*J*^3irE*3 

tifcT^ y»E?Jj&**>ft** w\°^K£=f- FTSiifc 
(f) T^;WiW3\ (e) tC*5V>T, ltt 

< &»m<DT$ t< \*ttmzti 

i>mf s- ttftsso 

[0 0 2 8] (c) EJU* ■ E*J#*2CEtt 

Snfc*62ffi^Jj&*e>fc£DNA. (d) ±15 

(c) CDEJUfcfc^T, 1 ^ t< 

A**&So 

[0 0 2 9] SfcK, (g) E*l* -E?«#^4KE« 
3nfc*SE?U^€>&£DNA, Sfctt (h) ±E 
(g) CE)E5!I^*3V^T, -1 1 1< *ift<l<Z)*B*J& s £^ 

- F LTl^S DN 

A^feSo 

[0 0 3 0] *»Wfc*3V^T, GDH%3-Ktsafi 
WxS7i/* Y A9 9 — • A ;v 3 T t r -f ^7^NC1B1151 

[0 0 3 1 ] iEfi**^ s» 

F*r-&ae-7 L &*Bi"rs-^3& ? "e*5o wi^-asf 

IB11517 ©S&fettDNAW:, ^ffcfi&Ktt&T© J: -5 L 

[0032] 1 ~3 hm« 

Oi^^^'J^SttMJ^A (SDS) 
[0 0 3 3] ±S©J:-5C LTi^n/ciSIft^eDN 



(7) 



^HT 1 1-243949 



[0 0 3 4] »M3ftfcDNA*W*r 

[0 0 3 5] ^ n — - y^-TSBRCD^^ * — i: t"Ctt, 

^Lambda gtlO , Lambda gtl 

PBR322, PUC19 . pBluescript 4c4f A ? ffil5^ShSo 
[0 0 3 6] ^n — - i/^CDBS. _tfS£> «t v t£*<# $ - 
±J*LfcGDH*3- F-TSJlg^^Tfe^JS 
tfeDN Ac^SflZifiefll tfc«IIIRai*"t?«WrLT^^ * 
-«TJt*#*£fc#TS*J& s , ^fl^iMDNA 
©■SJBrCffiffl Lfc#JPR»*i:lRl— ©ftUR»*£/8v^ ! & 

DNA»fjti:<Z)fi**^^^-ftf^J«"rs 0 

T-- ! ;v^©». «±»±*K»ALT£ft;|*|CD 

[0 0 3 7] ^o-- y^»:fffltSiiftt»i: It 

n&V\ i->i V t T ■ 3 UW3110 , xi/ 

x'JtT^'J C600, x^x'jtT ■ 3 V HB101 „ x S/ 
x 'J t 7 • 3 'J JM 1 09 > i^x'JtT* 3 U DH5 a 4c 4? 

[0 0 3 8] ftift^&Kl^A^^-fc^ATa:* 

AfflStz <t*3 v tfxv h -trA-S^ 

[0 0 3 9] ±BBOJ:^K:»e>nfc»«te**"C2bS* 

*-<D»A<0**fcoV^T4)g&8:, IKltlt^DNA 

K j: o g d Hfitfe«rra«f cftsr ***mtf 
tu d^GDH«r^jac*rsa^%aw-rntf «tv^ 

[0 040] ±E©*ftt3«tO#e>n/cPQQ*«^» 



f I i: t ^ G D H S£f © t £E?J , Science . fH2 
Hi, 1 2 0 5 (1 9 8 1) KEtfSftfc^x:**^ 
vfet^ctD^Sct/co &tz, GDH©7 S /»E?»Hi±iE 
0) J: *5 £ ^ £ n «SE?IJ J: 0 Jtt S t fc 0 
[0 0 4 1] ±m<D£r>lZ IT, — KS&SnfcPQQ 
^^fSkt^GDHSISf^Mt^aM^^ 

$ 9 - *>*JPS#** PCRftHAOGD H«g 
^-"C&SDNA*[e|JRU flfe<D-^*--«rJT-fcl&^S* 

[0 0 4 2] PQQ±j£te*%T LX\t, M 

^nA^x'j^A (Methylobacterium) JR*<Z>X*y — 
;w*fttfeWM, T-bhA^^— (Acetobacter ) JR^^ 
S A# 9 — (Gluconobacter ) JRoBfRlS* "7^^ 
;\^f 'J^A (Flavobacterium) ®> -5/ a— K^t^ 

[0 0 4 3] i/i- F^^-^JWISfflW-ett, fa-^t 

[0044] ±E»**^T«8{-e*5a»^^^- 

£ RSF1010 £3fc©^* — fc L< lifc^OJSiH 

trjpJfflRltE-CfeSo 01* tf, pKT24(h pMMB24^ (M.M.Ba 
gdasarian 6, Gene. 2 6, 2 7 3 (1 9 8 3) ), pC 
N40 . pCN60 m (C.C.Nieto h. Gene, 8 7, 145 

(1 9 9 0) ) ^ P TS1137 m^mf -Swktf-CtSo S 
fc, pME290^ (Y. Itohfc, Gene. 3 6, 2 7 (1 9 8 
5) ) , pNIHK pNI20C (N. Itoh€>. J.Biochem., 1 1 

o. 614 (i99i)) %>mm-c%%>. 

[0 0 4 5] T->* t J^? PWM43 ^ 

(W.Minas Appl. Environ. Microbiol. . 5 9. 2 8 
0 7 (1 9 9 3) ) , PKT230. pWH1266 # (M. Hunger 
h. Gene, 8 7, 4 5 (1 9 9 0) ) ifi'tfjr-tLX 

[0 0 4 6] ^K€ft#T*S«i»4«0**^«8 
[0 0 4 7] #*©*««tLTtt. «4»©Sti:l 
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^A. TJy'/A, ft, #5£ 

CO 0 4 8] #*ift«ti*#JBSWU GDHS4ft6 
IBH^afilMU*** 1 , ±E<&.fc-5&PQQ£KI6ft 
*t5«4»C!)*^ »*U<tt2 0-4 2TCSflE-C* 
6o ««^pHltt*#^J:oT*^«3tta^ GDHtft 

th^J;<, 2-7 2WPb1SS"C*>*o 

pHi«#a*u GDH^4itsiHtattsi 

jffll<lipH6. 0~9. 06£<Z>l5H"C;fc 

& o 

[0 0 4 9] #** + <DGDHft££T*B#ft*tr* 
*»ft*a>S£#l*U 5pJfflt5ii:t,-C*S^ — « 

»tttr(D*«K£OWft:ftfiWlU ;i<£>lgfrft 

*®ffittffl*«aiDLt:GDH*^r*{kt, *s?££Lt 

[0 0 5 0] ±8B©J:-5J3LT#E>nfcGDH#*««E 

7>f-X4*a^h^ 74- ftfr £9, fit® 

[005 1]MI^ t7?f^^ (Sephadex) 
(7 7;wv7;^tr^) DE 
AE-tr-7 t n-xCL-6B (77KS/7A^f ^) , 
*9*fr*>y t n-zCL-6B (7 7^7y7/U^f 

Ji, IMtl (SDS-PAGE) Wfl*— ©A>Kft 
[0 0 5 2] ilS^^^tr LT#6ftfctt»S*4, m 



h 'J7«iM*^GOODi5M 

^£^LTV^^0ft^&::^T£6o Jf »ft fc 
©ttGOODOjRffJST* 1 ?, ft^T^, PIPES, 
MESt>L<ttMOPS««** ? #f-(8 1 *LV^ 

[0 0 53] ^^PQQ^ftffctSGDH^) 

fFffl : + AI«f8«ft - (5- 

fl&SStt : »5 OtttT (pH7. 5, 3 0^W1) 
P HS^I4:3. 5-8. 5 (25^ 1 6flfH»i) 

^4 0X2 
lipH : 7. 0 
: 5 0 0 0 0 

[0 0 5 4] #ftWK::te^T, i^fi^t^GDH 
[0 0 5 5] <WZM> 

50mM PIPESifS (pH6. 5) 
0. 2mM PMS 
0. 2mM NT B 
3 0. 6mM 

0.19% MJFVX-100 
[0 0 5 6] <»J^*fl=>±iBK8l«*3m 1 ft 3 7C 
TISS^flfiDfift, 0. lml^jg«M, I 

ff-C5#WJESU ^©ie«8P^^ 1 »PBl*fc*9©R 

ho ±E*frtl»H»:i/2(/mo 1 0^7ify 
&4ar*»**«rl*tt (U) kTS. 
[0 0 5 7] 

9LMm\ :^feftDNA^i 

• iUV^T^zr 4 XNCIB11517 <DWi 
e,frDNAft*0S"*-C»HILfco f^lSttftlOOml 

(80 0 0 rpm, 10#IH) tUOMl/io 2 0% 
^ - ^ n - * , 5 OmMMJ* (pH 
7. 6), ImM EDTAmfcMSmiCli 
U lml^DT^t-tfKigft (lOOmg/m 
1) ftJDAT3 7lC, 3 0MftfiU 1ml 
^ 1 O^^^a-fM'^nj/^t h 'J 7 A^ftta*. 
fc. 

[0 0 5 8] ±IE««[{w«s*©^nn^^A - 7i/- 
(1:1) ft^x, jf#»*U 1 0 0 0 0 r p 
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36^"C»*Lfco :n^lmM EDTAmfch'J 
(pH8. 0 ;HT, TEtU&fc'tZ) 
tiSSLfc, :ti^i©^DD^;vA'7x/-^S 

ml ©TEtiMLfe. 

[0 0 5 9] HS&#J2 : PQQii^flkTftRTS 
N ABf>t«:*r ^ * * - 0mm 

mmmi-emtzDNAs u g*mmmmszu3k\ mmt 

mm) ■Cffi»»*L, 2kbpm<5RfrHLfc8, Ba 
mHI (mi¥lte8lS) "C^WfUfcpBluescript KS(+) 1 u 
gt:T4 DNA'J^f— (K#SfiK») l*tttl6 
T\ 1 6«flHJKJE3-a\ DNA&glSLfc. JftBLfcD 
NAiixyx U fc:7JM109 (D^y^y-yy -tr;u 
fffi) ftfflV^TJ»K«g«Lfco SfflLfcDNAUgS 

[0 0 6 0] #*>nfc:i n --tt5 0 // g/m 

©^»ttGDHffitt*SJ5£Lfc. -tOfi*. ltoPQ 

©«*-f S^XS Kir lift 8 k b pon ADNA^ 
£LT£>9, K^X* KSrpPGHl tLtz 0 
[0 0 6 1] i^7X^ KDNA5//g*«IPSBP*MboI 

i cmwmmm) tMiT7^o-xf;nMi$: 

frfel\ «T*ttGDHJie^«:*trftSftl. 9kbcs> 
KJt£«9aJLfco SMibfcDNAfcEcoRV (K^«*8f 
SD T«J»fUfcpBluescriptKS(+) l(/gt%T4 D 
NA'^-lflftttl 6TC, 1 6B#H£-JSS-fc!\ DN 
A&Mf&Ltzo IfelitDNAfixi/x «;t7-3'JJM 
109 ©^ytfryH-b^fe^V^TJ^RCftfeSofco # 

%T &=3n--£JiaiU K*pPGH2 
Ltz 0 

[0062] mmm3 : *asEai©*5e 

PPGH2 C7)^¥ADNA®f>1^^3oV^TmS^rSeV^, x ' j - v 

zs — frz/Z/Z/? - #y h (Radioactive Sequ 
encing Kit) (K^i8ft«») StA^T^E?*!**^ t 
fco ^l/cfiSE^i^T^ y»E5UttE?U#-§-l 

^^i/2tz^rao-efe^>o 7$ ;m.W3\fr n 
^saa^^^ftti&s 2 8 0 o-e&o, 7^>*h/^ 

^— -A^nT-feT 1 ^ ^^NCIB11517 ©GDHO»fl 

[0 0 6 3] ||JE«I4 : 7 * h * - • A^v > - 
JCM6841 ©^«&GDH©«£E?»J©«fe5£ 



7->* h;^^- • y^vx JCM6841 ^feftDNA 
fcHlfiffil 1 fcH«©#ffiT#«U PQQ^I*7}« 
fcT£«J«ttGDH£3- KtsagfStfTSDN 
AIK^XLl r RDNA»TW-'g:*"rsfi*i-<^^--<Z)IB» 
&*K«I2i:m*£*iSU *Sr 7 K b p ©if A»rJt 
-f£pPGH6 Lfco K«t0GDHS:3- 

K"rsa.fe : f«:*%rS'DNAJSfK- ! S:-&'tr4 kb^DN 
A»fK-^«St3 J; 0, y^LTpPGH7 

[0 0 6 4] pPGH7 ©jfAD N A»fJt Ko^Tffi- 

(Radioactive Sequencing Kit) (SCfffclgK) */Bl^ 
T46*E?U&ft5£Lfc 0 ftSLfcffi*EJlJ*5J:Vr 5 y 

SE^Js&^^fe^nsseHfiD^itttSjS 3 0.0 07? 
T^>* hA^*- • A^vy-JCM6841 OGDH 

[0 0 6 5] 5116015 : f^- **JWIffl*-C«8t"e 

SIJE«3"C#fc:/7X$ KDNA5 g &WJPSfi¥5lfBaniH 
I *3«J:i/XhoI (mffiS*Sg®!) 7M»0fLT\ GDH^e-? 
fc^trRSl. 9Kb©K)t&*trDNA&i£#Lfco 
-^JH l^cDNAh BamH I jo^tfXhoI T?«»f L/cpTSl 137 
*l-//gi:*T4 DNA'J^-if 6*0, 1 

6B*RlJKJES-t»\ DNA^IjSl/;o itteLfeDNAtt 
x^i'J t7 • 3'J DH5 a£Z)=3 > kff> h -fe ;w *: JB I > T 
^SK^^frofco fenfennz-tCGDHagf 

* 5 K*rpGLD3 L/c 0 

[0 0 6 6] : V A^ 9 -JK8BBT«H 

HSS#J3 7:1f fcT^X $ KDNA5 g **JR»5lfMboI 

i (Kffftsatal) twit, GDHae^fc^trfts 

1. 9Kb©»r)t«:ttrDNA«;*iLfc. *(ttfcD 
NA^MscI (JR*£1&F«S) -C$J»fLfcpWH1266 *l//g 
££T4 DNAU7J--tf 1 IfiTl 16^Pb1S 
i^Sii-, DNA^^SLfco LfcDN Aliiv' x l j 
t7 • =J VDH5 a©=J V t°7"y ^■trA'^:fflV^TJ»KteJft 

^rfTo/co #e>nfc=jn--4 5 t3GpHate^^^'-r^ 

PGLD4 

[0 0 6 7] J±«WI1 : i->i'J t7 • □ 'JSiffiM 

^J6«I3T*#/I:^7^ 5 KDNA5 u g %*JR»*MboI 
I TMLT, GDHafe^^^rtrfi^ 

1. 8Kb©^fit^^tfDNA^-^glLfco *«LfcD 
NA^EcoRV "C^JSfLfcpBluescript KS(+) UgkS 
T4 DNAU^-if 1 ffct 1 1 6^El£S 

DNA^jSSLfco lgUDNAttX'>iUt7 
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* S K£^fT£^ n x-fcji.au ^7°^X ^ K£pGLD 

[0 0 6 8] Itttfll 2 :xS/i'Jt7o«; JM109 /pG 
LD5 fr^CDP QQ^mfrrt^mt? &GDHO)mi& 
Terrific broth 5 0 0ml 2 L 7 ^ X =J IZft&L, 1 

2 It, 1 5 2 sc»a, 

«!5aifc5 Omg/m 1 Tyt^V V 0. 5ml £ 

M t -5 ig^ Lfcxyx'Jt:/ • n V JM 1 09 /pPGLD5£>*g 
lf5ml^Ml, 3 7t^2 4B9IW»*if#««L 
fee igmmT^WGDHfemmO. 3 4U/mlti 
o/co — fittillseKaiK: 1 0 ^/mo 1 ©PQQ4« 

an«. sttaose-rsi: i 2 ou/m i -efeofco 

[0 0 6 9] : P QQ±filE**-r*»fe*<Z> 

K^t"* ■ 7 P ? L ^TE3493 (SdUffl 2 2 9 8 
4LBG«» (LBigft+0. 3%?V-*u-j),) 
t?3 01C, 1 6^FKJg*L, a*t?»l (1 20 00 rp 
m, 10M) KJ:0*#*lHllR-L^ L 
tz 3 0 OmMya-^ o-7^^tr5mM K- V >®? 
jgflj?& (pH7. 0) Sml&JnA, *#*«MBLfc 9 

(1 2 0 0 0 rpm, 10#IW)KJ:9* 
ttfclnlJKU ^fi!)«*f3*»Lfc3 0 OmMya-^n 
-7^tr5mM K- (p H 7. 0) 
0. 4mltaA, IftftSWlfc. 
[0 0 7 0] ttJRWattSgJEffilS-Cfllfcy^X? KDN 
A (pGLD3 ) 0. 5*/g&JnjU xU^hDv-K-U-i/ 
a^«J:i9®R(EftLfeo 5 0 /i g/m U h 
T-f 5/yft^*:LB«*i:4f Lfenn x-J;9, P 
Q Q £f§£C7> ^ K k T S "NBtfc G D Hgft^tt 6^ n 

[0 0 7 1] mm\Z, ±ISpGLD3 i/zL-K^E 
• y^^TN1126«, >/i- Ktt7 • x;i/*V^PA 
01162 tt, S/a-Ktt^'7W U v-fe V>UF012568 

[0 0 7 2] 7'>*h^^-.*^7tf-f 
**NCIB11517 %LBe»"C3 0 t\ 16B5Pil«*U 

(1 2 0 0 0 r prru 1 0#M> CiOfft* 
EUKU :®i#i:*ftLfc*f*8ml £Sn;L, M#: 
*«»bfco W«*'t>#« (1 2 0 0 0 r prru 10» 

0. 4m 1 fcftliU S#*«Wbfc. 

[0073] mmmms o * 1 c*»«e-c»fc:/7;* 

$ KDNA (pGLD4 ) 0. 5 u g £ x U ^ h n jR 

50//g/ml £^AcLBJgi&K£WL/i3nx-£ 
0, PQQ^^fii:r^^ttGDHgft^t 



[0 0 7 4] mmmS :»6nft»«fi*#i:J:5GD 

T-trx -f ;*? ^NCIBl 1517 ^Terrific brothS Om 1 
(1. 2%t:>j^hy, 2. 4%i@x^^, 0. 4 
0 /oNaCK 17mMKHzP04, 7 2mM Kz H 
P0 4 , pH7. 0) t3 0TC, 2 4&iMH#«U ifrfc 
»*t (1 2 0 0 0 r prru 3»PJ) £ J; OSttSrlnUK L 
fc 0 KWtt* 1 mMCDC a C 1 2 %#A,/£5 0 mM h V 
P H7. 5i:iflft, 9 « 

Lfco 3t'5»* ( 1 2 0 0 0 r p rru 5 frffl) 
l:J:oTlM$»*l/c, &BHRtt%H&l&* GD 
Hi£tt*ffl!lJ£L*:. HiR-To 
[0 0 7 5] : ^^-K^t^ • y^^TE3493 

/PGLD3 ^P)©PQQfei^fKfctSGDH(D!!fi 
Terrific brothSOOml ^2L77^^ tr^ft 1 
2 1 t\ 1 5#M*- h ^ U-?*f?l\ fiWfcft, 
fci^aifeSOmg/mUM/^h^^S/yO, 5 

m\*minLtzo »«*i:lb*»^«), 3 or. 2 

4 E$M£ k -5 i£* LfcSgJSW 7 X^^tltz i/a-Ftt 
X - 7 p 7 c ^TE3493/pGLD3 ©ffl5ml *ft«U 3 
7fe4 8«flWa«SI«iJ&«Lfco ^T^GDH 
Stttt*S7-4 5 U/m 1 o fco 
[0 0 7 6] ±E*#&»'&#*irT*«U 2 0mM 
U PH7. OfcHWLfc. 

f^^G-25 (77;W'>7W*f^) lUSy 
;i/<55fifc:J:»3J8MSU CM-t!77a-^ (77/Wy7 
>"W;fr7^) , 7x-H77n-7 (7r^S/7A 

[0 0 7 7] ±fB0)^StC J: Df^nfcGDHgSfiS 
M»S? (SDS-PAGE) »CH»*— CDAV K** 
U -©B®htSttttt&2 1 0 OU/mg-^^Jt 

[0 0 7 8] HTtv ±SE*ftt:«t OWSnfcPQQS: 
JH^^f* k f S G D H <D ttf^^to 
f^:D-^n-7 + AllfSgft (5- 

Jfc3?«tt : 195 OtJfclT (pH7. 5. 3 0»IWfta)' 
pH^tt:3. 5-8. 5 (2 5TC. 1 6 ftWUm) 

IIpH : 7. 0 
: 50 0 00 

[0 0 7 9] ±IEM#«ra-6»l*^T*WU, 2 0mM 
yvRftW* (pH7. 0) tlStfco KBfCHffitt 
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7T7^XG-25 (77A'7->7A^7^) 

CM-tr*7rn-x (7tK'> 

[0080] ^mz£K>nbntzGDHM&itmn,fa 

W] (SDS-PAGE) fti:Bff#-©A> KfeSL y 
fco 1 mMOC a C I 2 SsJztfl 0 ^mo 1 



[0 0 8 1] 0 : GDH©»'*<b 

lmM^CaCh^it/BSA (GDH1. Ofiigfl 
tw^t LT 1 . OSJHS) &*tr#S»«*4^»i*Lfc 
SI*SWI9©GDH«:«lfeiei»Lfc«, 3 7rt3*5tt6G 
DHgttO«#tt*ai5EUfc. *<Df&m*i£ 2 IZtjkT* 

[0 0 8 2] 

[II] 



[0 0 8 3] 





£&S£3ES (U/m1) 


P. putida TB3493/pGLD3 


4 3 


P. putida TNtl26/pGLD3 


2 6 


P. aeruginosa PA01 162/pGLD3 


3 0 


P. f luorescens lF012568/pGLD3 


2 7 


A. ca J coacet icus NC I B 1 1517/pGLD4 


2 2 


E. col i JM109/pGLD5 UfcttW 2 ) 


0 . 2 3 


A. caicoaceticus NICB11517 (StJ&5 


I . 6 



[*2] 



ft « « 


*#Stt (^) 




3 7t, 3 BPffl 


h U X&R, p H 7 . 5 


9 8.6 


3 8. 8 


PIPES, pHB. 5 


9 9. 8 


10 1 .0 


ME S, p H 6 . 5 


10 2.0 


9 9. 6 


MOP S, p H 6 . 5 


9 9, 2 


5 2. 4 


HEPES, pH7. 0 


10 1. 0 


2 8. 3 



[«Wco»*3 ±ifcL*:J:-5£, *:^^H*5Vm:. PQ Q Q G D H 5 ft 
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E5U*^ : 1 
EJtJ<Z>fiS : 4 8 0 



[0 0 8 5] 
CEJUM 



E*I©«JJI : ses 

: T^* h^* — * ^^7tf^ (Acin 
etobacter calcoaceticus ) 
: N C I B 1 1 5 1 7 



E3*J 



Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu. Gly Ala Ala Gin 

1 5 10 15 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 

20 25 30 

Gin Phe Ala Lys Ala Lys Thr Glu Asn Phe Asp Lys Lys Val lie Leu 

35 40 45 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 

50 55 60 

He Trp Leu Thr Glu Arg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 

85 90 95 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 

100 105 110 

Phe Lys His Asn Pro Tyr lie Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 

130 135 140 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val He 

165 170 175 

Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 

180 185 190 

Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 

Leu Arg Leu. Asn Leu Asp Gly Ser Val Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 

245 250 255 

Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin lie Lys Asp Leu Ala 
305 310 315 320 

Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val' Thr Lys Glu Ser 

325 330 335 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 
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340 345 350 

Val Gin Asp Thr. Tyr Asn Tyr Asn Asp Pro Thr Cys Giy Glu Met Ala 

355 360 365 

Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

Gly Gly Lys Lys Ala He Pro Gly Trp Glu Asn Thr Leu Leu Val Pro 
385 390 395 400 

Ser Leu Lys Arg Gly Val He Phe Arg lie Lys Leu Asp Pro Thr Tyr 

405 410 415 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 

420 425 430 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

Thr Leu Glu Asn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

C O O 8 6 ] E?IJ#-^ : 2 

E?lJ(S>fi£ : 1 4 4 3 ±%o% : y */* Y rt* 9 - • * )Vu TMt -f ii X (Acin 

W3\<DW : mm etobacter calcoaceticus ) 

h#ns;-:iMM* tt«:NCIB11517 
E5U©«« : yVADNA 

ATG AAT AAA CAT TTA TTA GCA AAA ATC ACT CTT TTA GGT GCT GCA CAA 48 
Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 

1 5 10 15 

CTA TTT ACG TTT CAT ACG GCA TTT GCA GAT ATA CCT CTG ACA CCT GCT 96 
Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 

20 25 30 

CAG TTC GCA AAA GCG AAA ACA GAA AAT TTT GAT AAA AAA GTG ATT CTG 144 
Gin Phe Ala Lys Ala Lys Thr Glu Asn Phe Asp Lys Lys Val He Leu 

35 40 45 

TCC AAT TTA AAT AAA CCA CAT GCT TTG TTA TGG GGG CCA GAT AAT CAA 192 
Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 

50 55 60 

ATT TGG TTA ACC GAA CGT GCA ACT GGC AAA ATT TTA AGA GTA AAT CCT 240 
He Trp Leu Thr Glu Arg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

GTA TCT GGT AGC GCG AAA ACA GTA TTT CAG GTT CCT GAA ATT GTG AGT 288 
Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 

85 90 95 

GAT GCT GAT GGG CAA AAT GGT TTG TTA GGT TTT GCT TTT CAT CCT GAC 336 
Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 

100 105 110 

TTT AAA CAT AAC CCT TAT ATC TAT ATT TCA GGC ACT TTT AAA AAT CCA 384 
Phe Lys His Asn Pro Tyr He Tyr lie Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

AAA TCT ACA GAT AAA GAG TTA CCT AAT CAG ACG ATT ATT CGT AGA TAT 432 
Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 
130 135 140 
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ACC TAT AAT AAA ACT ACA GAT ACA TTT GAA AAG CCT ATT GAT TTG ATT 480 
Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 - 160 

GCA GGT TTA CCG TCA TCA AAA GAT CAT CAG TCT GGT CGT CTC GTT ATT 528 
Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val lie 

165 170 175 

GGT CCA GAC CAA AAA ATC TAC TAT ACG ATT GGT GAC CAA GGT CGT AAT 576 
Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 

180 185 190 

CAG TTA GCT TAT CTG TTC TTA CCG AAT CAG GCA CAG CAT ACT CCG ACT 624 
Gin Leu Ala Tyr Leu. Phe Leu Pro Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

CAG CAA GAG CTC AAT AGT AAA GAC TAC CAT ACA TAT ATG GGT AAA GTA 672 
Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 - 

TTA CGC TTA AAT CTG GAC GGC AGT GTA CCT AAA GAC AAC CCA AGC TTT 720 
Leu Arg Leu Asn Leu Asp Gly Ser Val Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

AAC GGC GTA GTG AGT CAT ATC TAC ACT TTA GGG CAC CGT AAT CCA CAA 768 
Asn Gly Val Val Ser His lie Tyr Thr Leu Gly His Arg Asn Pro Gin 

245 250 255 

GGT TTA GCA TTT GCC CCA AAT GGA AAG CTT TTA CAA TCT GAG CAA GGA 816 
Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

CCA AAT TCT GAT GAT GAA ATT AAC CTT GTA TTA AAA GGT GGT AAC TAT 864 
Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

GGC TGG CCA AAT GTA GCT GGT TAT AAA GAT GAC AGT GGT TAT GCC TAT 912 
Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

GCA AAC TAT TCG GCA GCA ACC AAT AAA TCA CAA ATT AAA GAT TTA GCT 960 
Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 310 315 320 

CAA AAC GGG ATA AAA GTA GCA ACA GGT GTT CCT GTG ACT AAA GAG TCT 1008 
Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

GAA TGG ACT GGT AAA AAC TTT GTG CCG CCT TTG AAA ACT TTA TAT ACG 1056 
Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 

340 345 350 

GTA CAA GAT ACC TAT AAC TAT AAT GAC CCT ACT TGT GGT GAG ATG GCA 1104 
Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

TAT ATT TGC TGG CCA ACG GTT GCA CCG TCA TCA GCA TAT GTA TAT ACG 1152 
Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

GGA GGC AAA AAA GCG ATT CCA GGG TGG GAA AAT ACA TTA TTG GTC CCA 1200 
Gly Gly Lys Lys Ala He Pro Gly Trp Glu Asn Thr Leu Leu Val Pro 
385 390 395 400 

TCT TTA AAA CGT GGG GTG ATT TTC CGT ATT AAA TTG GAC CCG ACA TAT 1248 
Ser Leu Lys Arg Gly Val He Phe Arg lie Lys Leu Asp Pro Thr Tyr 
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405 410 415 

AGC ACG ACT TTG GAT GAT GCT ATC CCA ATG TTT AAA AGC AAT AAC CGT 1296 
Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 

420 425 430 

TAT CGT GAT GTC ATC GCT AGT CCA GAA GGT AAT ACC TTA TAT GTG CTG 1344 
Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

ACT GAT ACA GCG GGG AAT GTA CAA AAA GAT GAT GGT TCT GTC ACT CAT 1392 
Thr Asp Thr- Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

ACT TTA GAG AAT CCC GGT TCT CTC ATT AAA TTT ACA TAT AAC GGT AAG 1440 
Thr Leu Glu Asn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

TAA 1443 

[0 0 8 7] e?u#-&: 3 mm 
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mm 

Met Asn Lys His Leu Leu Ala Lys lie Thr Leu Leu Gly Ala Ala Gin 

1 5 10 15 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp lie Pro Leu Thr Pro Ala 

20 25 30 

Gin Phe Ala Lys Ala Lys Thr Glu Asn Phe Asp Lys Lys Val He Leu 

35 40 45 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 

50 55 60 

He Trp Leu Thr Glu Arg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 

85 90 95 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 

100 105 110 

Phe Lys_His Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 ~ 125 

Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 

130 135 140 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val He 

165 170 175 

Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 

180 185 190 

Gin Leu Ala Tyr Leu Phe Leu Ser Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 

Leu Arg Leu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 
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Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 

245 250 255 

Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 310 315 320 

Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 

340 345 350 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

Tyr lie Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

Gly Gly Lys Lys Ala He Pro Gly Trp Glu Asn Thr Leu Leu Val Pro 
385 390 395 400 

Ser Leu Lys Arg Gly Val He Phe Arg He Lys Leu Asp Pro Thr Tyr 

405 410 415 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 

420 425 430 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

Thr Leu Glu Asn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

[0 0 8 8] W3m^ : 4 mm 

E?U<Z>5S : 1 44 3 : TZ/* h/^w- • /\^vy- (Acinetobacte 

-EJU©Si : SER r baumannii ) 

h#ns;-:jffttR ««: JCM6 84 1 
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ATG AAT AAA CAT TTA TTA GCA AAA ATC ACT CTT TTA GGT GCT GCA CAA 48 
Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 

1 5 10 15 

CTA TTT ACG TTT CAT ACG GCA TTT GCA GAT ATA CCT CTG ACA CCT GCT 96 
Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 

20 25 30 

CAG TTC GCA AAA GCG AAA ACA GAA AAT TTT GAT AAA AAA GTG ATT CTG 144 
Gin Phe Ala Lys Ala Lys Thr Glu Asn Phe Asp Lys Lys Val He Leu 

35 40 45 

TCC AAT TTA AAT AAA CCA CAT GCT TTG TTA TGG GGG CCA GAT AAT CAA 192 
Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 

50 55 60 

ATT TGG TTA ACC GAA CGT GCA ACT GGC AAA ATT TTA AGA GTA AAT CCT 240 
He Trp Leu Thr Glu Arg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
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65 70 75 80 

GTA TCT GGT AGC GCG AAA ACA GTA TTT CAG GTT CCT GAA ATT GTG AGT 288 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 
85 90 95 

. GAT GCT GAT GGG CAA AAt GGT TTG TTA GGT TTT GCT TTT CAT CCT GAC 336 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 

100 105 110 

TTT AAA CAT AAC CCT TAT ATC TAT ATT TCA GGC ACT TTT AAA AAT CCA 384 

Phe Lys His Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

AAA TCT ACA GAT AAA GAG TTA CCT AAT CAG ACA ATT ATT CGT AGA TAT 432 

Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 

130 135 140 

ACC TAT AAT AAA ACT ACA GAT ACA TTT GAA AAG CCT ATT GAT TTG ATT 480 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

GCA GGT TTA CCG TCA TCA AAA GAT CAT CAG TCT GGT CGT CTC GTT ATT 528 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val He 

165 170 175 

GGT CCA GAC CAA AAA ATC TAC TAT ACG ATT GGT GAC CAA GGT CGT AAT 576 

Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 

180 185 190 

CAG TTA GCT TAT CTA TTC TTA TCG AAT CAG GCA CAG CAT ACT CCG ACT 624 

Gin Leu Ala Tyr Leu Phe Leu Ser Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

CAG CAA GAG CTC AAT AGT AAA GAC TAC CAT ACA TAT ATG GGT AAA GTA 672 

Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 

TTA CGC TTA AAT CTG GAC GGC AGT ATA CCT AAA GAC AAC CCA AGC TTT 720 

Leu Arg Leu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

AAC GGC GTA GTG AGT CAT ATC TAC ACT TTA GGG CAC CGT AAT CCA CAA 768 

. Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 
245 250 255 

GGT TTA GCA TTT GCC CCA AAT GGA AAG CTT TTA CAA TCT GAG CAA GGG 816 

Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

CCA AAT TCT GAT GAT GAA ATT AAC CTT GTA TTA AAA GGT GGT AAC TAT 864 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

GGC TGG CCA AAT GTA GCT GGT TAT AAA GAT GAC AGT GGT TAT GCC TAT 912 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

GCA AAC TAT TCG GCA GCA ACC AAT AAA TCA CAA ATT AAA GAT TTA GCT 960 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 310 315 320 

CAA AAC GGG ATA AAA GTA GCA ACA GGT GTT CCT GTG ACT AAA GAG TCT 1008 

Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

GAA TGG ACT GGT AAA AAC TTT GTG CCA CCT TTG AAA ACT TTA TAT ACG 1056 
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Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 

340 345 350 

GTA CAA GAT ACC TAT AAC TAT AAT GAC CCT ACT TGT GGT GAG ATG GCA 1104 
Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

TAT ATT TGC TGG CCA ACG GTT GCA CCG TCA TCG GCA TAT GTA TAT ACG 1152 
Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

GGA GGC AAA AAA GCG ATT CCA GGG TGG GAA AAT ACA TTA TTG GTC CCA 1200 
Gly Gly Lys Lys Ala He Pro Gly Trp Glu Asn Thr Leu Leu Val Pro 
385 390 395 400 

TCT TTA AAA CGT GGG GTG ATT TTC CGT ATT AAA TTG GAC CCG ACA TAT 1248 
Ser Leu Lys Arg Gly Val lie Phe Arg He Lys Leu Asp Pro Thr Tyr 

405 410 415 

AGC ACG ACT TTG GAT GAT GCT ATC CCA ATG TTT AAA AGC AAT AAC CGT 1296 
Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 

420 425 430 

TAT CGT GAT GTC ATC GCT AGT CCA GAA GGT AAT ACC TTA TAT GTG CTG 1344 
Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

ACT GAT ACA GCG GGA AAT GTA CAA AAA GAT GAT GGT TCA GTC ACT CAT 1392 
Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

ACT TTA GAG AAT CCC GGT TCT CTC ATT AAA TTT ACA TAT AAC GGT AAG 1440 
Thr Leu Glu Asn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

TAA 1443 
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(57) [Abstract] 

[Problem] With gene recombination technology, furthermore glucose dehydrogenase, which 
designates PQQ of the large amount as supplementary molecule family, is offered at a low cost. 

[Means of Solution] Installing DNA fragment which includes gene which glucose 
dehydrogenase which designates PQQ as supplementary molecule family code is done the 
glucose dehydrogenase and its manufacturing method which designate PQQ which cultures the 
transformed host which it acquires by microorganism which possesses PQQ production ability 
with the recombinant vector which becomes transformation doing recovers from said culture as 
supplementary molecule family. 

[Scope of Claim(s)] 

[Claim 1] Glucose dehydrogenase which designates PQQ, a protein of (a) or (b) below as 
supplementary molecule family. 

(A) It consists of amino acid sequence which is stated in sequence table * Sequence Number 1 
protein 

(B) In amino acid sequence (a), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

[Claim 2] Glucose dehydrogenase which designates PQQ which is a protein which consists of 
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amino acid sequence which is stated in sequence table * Sequence Number 1 as supplementary 
molecule family. 

[Claim 3] Below (e) or glucose dehydrogenase which designates PQQ which is a protein of 
the (f) as supplementary molecule family. 

(E) It consists of amino acid sequence which is stated in sequence table * Sequence Number 3 
protein 

(F) In amino acid sequence (e), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

[Claim 4] Glucose dehydrogenase which designates PQQ which is a protein which consists of 
amino acid sequence which is stated in sequence table * Sequence Number 3 as supplementary 
molecule family. 

(A) It consists of amino acid sequence which is stated in sequence table * Sequence Number 1 
protein 

(B) In amino acid sequence (a), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

[Claim 6] The glucose dehydrogenase gene, which designates PQQ, a protein consisting of 
amino acid sequence which is stated in sequence table * Sequence Number 1 as a 
supplementary molecule family code is done. 

[Claim 7] Below (c) or gene which glucose dehydrogenase which designates PQQ which is a 
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protein of (d) as supplementary molecule family code is done. 

(C) It consists of base sequence which is stated in sequence table * Sequence Number 2 DNA 

(D) At time of arranging above-mentioned (c), base of thel or several to be deficient, be 
substituted or added, protein which at same time possesses glucose dehydrogenase activity 
code is done DNA 

[Claim 8] Gene which glucose dehydrogenase which designates PQQ which possesses the 
DNA which consists of base sequence which is stated in sequence table * Sequence Number 2 
as a supplementary molecule family code is done. 

[Claim 9] Below (e) or gene which glucose dehydrogenase which designates PQQ which is a 
protein of (f) as supplementary molecule family code is done. 

(E) It consists of amino acid sequence which is stated in sequence table * Sequence Number 3 
protein 

(F) In amino acid sequence (e), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

[Claim 1 0] The glucose dehydrogenase gene, which designates PQQ, a protein consisting of 
amino acid sequence which is stated in sequence table * Sequence Number 3 as a 
supplementary molecule family code is done. 

[Claim 1 1] Below (g) or gene which glucose dehydrogenase which designates PQQ which is a 
protein of (h) as supplementary molecule family code is done. 

(G) It consists of base sequence which is stated in sequence table * Sequence Number 4 DNA 



5 



(H) At time of arranging above-mentioned (g), base of thel or several to be deficient, be 
substituted or added, protein which at same time possesses glucose dehydrogenase activity 
code is done DNA 

[Claim 12] The glucose dehydrogenase gene, which designates PQQ, which possesses the 
DNA consisting of base sequence which is stated in sequence table * Sequence Number 4 as a 
supplementary molecule family code is done. 

[Claim 13] Recombinant vector, which contains gene which glucose dehydrogenase that 
designates the PQQ, which is stated in any of Claim 5 to 12 as supplementary molecule family 
code, is done. 

[Claim 14] Recombinant vector which is stated in Claim 13 which designates that it can 
duplicate in microorganism where code is done DNA fragment which includes gene which is 
installed glucose dehydrogenase which designates the PQQ as supplementary molecule family, 
at same time possesses the PQQ production ability as feature. 

[Claim 15] Transformed host which microorganism, which possesses PQQ production ability 
with recombinant vector, stated in Claim 13 or 14 transformations is done. 

[Claim 16] Transformed host which is stated in Claim 15 where glucose dehydrogenase 
which designates PQQ as supplementary molecule family is Acinetobacter * cull core 
acinetobacter (Acinetobacter calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter 
baumannii ) derivation. 

[Claim 17] Transformed host which is stated in Claim 15 which is a microorganism where 
themicroorganism which possesses PQQ production ability belongs to Pseudomonas 
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(Pseudomonas ) being attached orAcinetobacter (Acinetobacter) being attached. 

[Claim 18] Microorganism which possesses PQQ production ability Pseudomonas * 
AERUGINOSA (Pseudomonas aeruginosa), Pseudomonas * fluorescence (Pseudomonas 
fluorescens), the Pseudomonas putida (Pseudomonas putida) and Acinetobacter * cull core 
ceticus (Acinetobacter calcoaceticus), from group which consists of the Acinetobacter * 
Baumann Ni (Acinetobacter baumannii) transformed host which is stated in Claim 15 which is 
a microorganism which is chosen. 

[Claim 19] Transformed host, which is stated in Claim 17 where microorganism, which 
possesses the PQQ production ability, is Pseudomonas putida (Pseudomonas putida). 

[Claim 20] Transformed host which is stated in Claim 17 where microorganism which 
possesses the PQQ production ability is Acinetobacter * cull core ceticus (Acinetobacter 
calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter baumannii). 

[Claim 21] Transformed host, which is stated in Claim 19, or 20 where glucose 
dehydrogenase, which designates PQQ as supplementary molecule family, is soluble. 

[Claim 22] Installing DNA fragment which includes gene which glucose dehydrogenase 
which designates PQQ as supplementary molecule family code is done the microorganism 
which possesses PQQ production ability with recombinant vector which becomes culturing 
transformed microorganism which transformation is done, glucose dehydrogenase which 
designates PQQ as supplementary molecule family from said culture the manufacturing method 
of glucose dehydrogenase which recovers. 

[Claim 23] Manufacturing method of glucose dehydrogenase which is stated in Claim22 
where glucose dehydrogenase, which designates PQQ as supplementary molecule family, is a 
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microorganism of Acinetobacter * cull core ceticus (Acinetobacter calcoaceticus) or 
Acinetobacter * Baumann Ni (Acinetobacter baumannii) derivation. 

[Claim 24] Manufacturing method of glucose dehydrogenase, which is stated in Claim23 
which is a microorganism where microorganism, which possesses PQQ production ability, 
belongs to Pseudomonas (Pseudomonas) being attached or Acinetobacter (Acinetobacter) being 
attached. 

[Claim 25] Microorganism which possesses PQQ production ability Pseudomonas * 
AERUGINOSA (Pseudomonas aeruginosa), Pseudomonas * fluorescence (Pseudomonas 
fluorescens), the Pseudomonas putida (Pseudomonas putida) and Acinetobacter * cull core 
ceticus (Acinetobacter calcoaceticus), from group which consists of the Acinetobacter * 
Baumann Ni (Acinetobacter baumannii) manufacturing method of glucose dehydrogenase 
which is stated in Claim23 whichis a microorganism which is chosen. 

[Claim 26] Manufacturing method of glucose dehydrogenase stated in Claim23 where 
microorganism, which possesses PQQ production ability, is Pseudomonas putida 
(Pseudomonas putida). 

[Claim 27] Manufacturing method of glucose dehydrogenase which is stated in Claim23 
where microorganism which possesses PQQ production ability is Acinetobacter * cull core 
ceticus (Acinetobacter calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter 
baumannii). 

[Claim 28] Manufacturing method of glucose dehydrogenase, which is stated in Claim 26 or 
27 where glucose dehydrogenase, which designates PQQ as supplementary molecule family is 
soluble. 
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[Claim 29] Lyophilizing doing glucose dehydrogenase which designates PQQ as 
supplementary molecule family under existing of buffer of GOOD, stabilization method of the 
glucose dehydrogenase which designates that one keep as feature. 

[Claim 30] Stabilization method of glucose dehydrogenase, which is stated in Claim29 where 
calcium coexists. 

[Claim 3 1 ] From group where buffer of GOOD consists of PIPES, the MES and MOPS 
stabilization method of glucose dehydrogenase stated in the Claim 3 0 or 31 which is a buffer 
which is chosen. 

[Claim 32] Lyophilizing doing glucose dehydrogenase which designates PQQ as 
supplementary molecule family under existing of buffer of GOOD, glucose dehydrogenase 
composite which designates that it is something which is kept as feature and is stabilized. 

[Claim 33] It stated in Claim 32 where calcium coexists glucose dehydrogenase composite. 

[Claim 34] From group where buffer of GOOD consists of PIPES, the MES and MOPS 
glucose dehydrogenase composite which is stated in Claim 32 or 33 which is a buffer which is 
chosen. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention novel glucose dehydrogenase which 
designates PQQ as supplementary molecule family (Below, also GDH calls), installing gene 
fragment which gene and said GDH which the said GDH code are done code is done, 
microorganism which possesses PQQ production ability with recombinant vector and said 
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recombinant vector which become regards the GDH composite which is stabilized 
manufacturing method of GDH due to culturing the transformed host and said transformed host 
which transformation are done, by stabilization method and the said stabilization method of 
GDH. 

[0002] 

[Current Technology] GDH was discovered in 1959 year as enzyme, which possesses the 
quinone compound of unknown with J.G. Hauge of Norway. On one hand, as for PQQ 
(Pyrrolo Quinoline Quinone) chemical structure is decided in 1979 as the third coenzyme of 
dehydrogenase, methanol dehydration element enzyme of methanol-feeding microbe and 
alcohol dehydrogenase and glucose dehydrogenase of acetic acid bacteria in center, existence is 
verified with dehydrogenase in many organism, mainly. 

[0003] Because these dehydrogenase can reduce artificial electron acceptor, when dye like the 
nitro blue tetrazolium is used with visible light, furthermore sensitivity it can detect well, and 
like NAD dependency dehydrogenase not to be equilibrium reaction, because it is a reactionto 
one direction, it is assumed that quite it is useful in quantification of the compound of trace 
amount, (Candy crest actual and Methods in Enzymology (0076-6879) Vol.89, 20(1982)). 

[0004] Fact that usefulness is highest in enzyme, which designates the PQQ as supplementary 
molecule family, is PQQ dependency GDH, one can use for the measurement of blood glucose. 
In regard to actual use, it is possible as for use as conventional biochemistry reagent the 
staining reaction of dry reagent, which of course, is locked in film and the sensor application 
equal width, which is locked in chip to apply widely. By comparison with glucose oxidase and 
NAD (P) dependency GDH which operate in the same way to glucose, influence of dissolved 
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oxygen is not received, reaction because of simple what simply, furthermore can designate 
device as inexpensive is feature. 

[0005] Cloning of GDH which designates above-mentioned PQQ as a supplementary molecule 
family Acinetobacter * cull core ceticus (Acinetobacter calcoaceticus) L MD 79.41 (A. -M. 
Cleton-Jansen and others, Journal of Bacteriology (0021-9193, JOBAAY), 170,2121(1988) and 
Molecular & General Genetics (0026-8925, MGGEAE), 217,430(1989)), Escherichia coli 
(Escherichia coli) (A. -M. Cleton-Jansen and others and Journal of Bacteriology (0021-9193, 
JOBAAY), 172,6308(1990)), is reported with Gluconobacter * oxydans (Gluconobacter 
oxydans )(Molecular & General Genetics (0026-8925, MGGEAE) ,229,206(1991)) etc, also 
revelation with E. coli is verified. 

[0006] 

[Problems to be Solved by the Invention] Being analyzed by genetic well, to be, At same time 
as host which transformation is done optimization as for the intestinal bacteria which begins E. 
coli which is done being known that the PQQ is not produced, to be, Installing gene fragment 
which GDH which designates PQQ as a supplementary molecule family code is done, 
transformation it does the E. coli with vector which becomes, cultures said E. coli and only the 
Apo type GDH which does not have activity it is known that it cannot acquire. These Apo type 
GDH are convertible in hollow type GDH that has the activity by adding PQQ from outside, 
but PQQ which is needed is expensive very as reagent. In addition, with industrially scale it is 
verified that all Apo type is not converted to hollow type. 

[0007] In addition, when culturing transformation E. coli in Biotechnol. Lett. 16,12,1265(1994) 
, it is reported to the culture medium that hollow type GDH which has activity including the 
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PQQ is produced, but in this case it is necessary to use expensive PQQ for large amount. 
Furthermore, installing gene fragment which GDH of Gluconobacter * oxydans the code is 
done in chromosome of Gluconobacter * oxydans itself, it has revealed in Molecular & General 
Genetics (0026-8925, MGGEAE), 229,206(1991), but in this case it exists on chromosome, 
because they are not multistory, amount of expression is small. 

[0008] 

[Means of Solving the Problems] As for these inventors in order to achieve above-mentioned 
object the various was examined as for result which, Installing DNA fragment which includes 
gene which GDH which designates PQQ as supplementary molecule family code is done it 
cultures transformed microorganism which it acquires by microorganism which possesses the 
PQQ production ability with recombinant vector which becomes transformation doing, GDH 
which designates PQQ as supplementary molecule family from said culture by recovering, in 
inexpensive one discovered fact that mass production it is possible, GDH arrived in this 
invention. 

[0009] Namely, this invention installing DNA fragment which includes gene which the GDH 
which designates PQQ as supplementary molecule family the code is done culturing 
transformed microorganism which designates that it is acquired by transformation doing 
microorganism which with recombinant vector which possesses PQQ production ability as 
feature, GDH which designates PQQ as supplementary molecule family from culture is 
manufacturing method of GDH which is made thing feature which recovers. 

[0010] This invention is glucose dehydrogenase which designates PQQ which is a protein of 
the (a) or (b) below as supplementary molecule family. 
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(A) It consists of amino acid sequence which is stated in sequence table * Sequence Number 1 
protein 

(B) In amino acid sequence (a), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

This invention is glucose dehydrogenase which designates PQQ which is a protein which 
consists of amino acid sequence which is stated in sequence table * Sequence Number 1 as a 
supplementary molecule family. 

[001 1] This invention below (e) or is glucose dehydrogenase which designates the PQQ 
which is a protein of (f) as supplementary molecule family. 

(E) It consists of amino acid sequence which is stated in sequence table * Sequence Number 3 
protein 

(F) In amino acid sequence (e), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

This invention is glucose dehydrogenase which designates PQQ which is a protein which 
consists of amino acid sequence which is stated in sequence table * Sequence Number 3 as a 
supplementary molecule family. 

[0012] This invention is gene which glucose dehydrogenase, which designates PQQ, which is a 
protein of (a) or (b) below as supplementary molecule family code is done. 

(A) It consists of amino acid sequence which is stated in sequence table * Sequence Number 1 
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protein 

(B) In amino acid sequence (a), amino acid sequence of 1 or several is deficient, consists of 
amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

This invention is gene which glucose dehydrogenase which designates PQQ which is a protein 
which consists of amino acid sequence which is stated in the sequence table * Sequence 
Number 1 as supplementary molecule family code is done. 

[0013] This invention below (c) or is gene which glucose dehydrogenase which designates 
PQQ which is a protein of (d) as supplementary molecule family code is done. 

(C) It consists of base sequence which is stated in sequence table * Sequence Number 2 DNA 

(D) At time of arranging above-mentioned (c), base of thel or several to be deficient, be 
substituted or added, protein which at same time possesses glucose dehydrogenase activity 
code is done DNA 

This invention is gene which glucose dehydrogenase which designates PQQ which possesses 
DNA which consists of base sequence which is stated in sequence table * Sequence Number 2 
as supplementary molecule family code is done. 

[00 1 4] This invention below (e) or is gene which glucose dehydrogenase which designates 
PQQ which is a protein of (f) as supplementary molecule family code is done. 

(E) It consists of amino acid sequence which is stated in sequence table * Sequence Number 3 
protein 

(F) In amino acid sequence (e), amino acid sequence of 1 or several is deficient, consists of 
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amino acid sequence which it is substituted or is added, at the same time possesses glucose 
dehydrogenase activity protein 

This invention is gene which glucose dehydrogenase which designates PQQ which is a protein 
which consists of amino acid sequence which is stated in the sequence table * Sequence 
Number 3 as supplementary molecule family code is done. 

[001 5] This invention below (g) or is gene which glucose dehydrogenase which designates 
PQQ which is a protein of (h) as supplementary molecule family code is done. 

(G) It consists of base sequence which is stated in sequence table * Sequence Number 4 DNA 

(H) At time of arranging above-mentioned (g), base of thel or several to be deficient, be 
substituted or added, protein which at same time possesses glucose dehydrogenase activity 
code is done DNA 

This invention is gene which glucose dehydrogenase which designates PQQ which possesses 
DNA which consists of base sequence which is stated in sequence table * Sequence Number 4 
as supplementary molecule family code is done. 

[0016] This invention is recombinant vector, which contains gene which glucose 
dehydrogenase, which designates above-mentioned PQQ as supplementary molecule family, 
the code is done. It is an above-mentioned recombinant vector which designates that it can 
duplicate in microorganism where as for this invention, code is done DNA fragment which 
includes gene which is installed glucose dehydrogenase which designates the PQQ as 
supplementary molecule family, at same time possesses the PQQ production ability as feature. 

[001 7] This invention is transformed host which microorganism, which possesses PQQ 
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production ability with the above-mentioned recombinant vector transformation, is done. This 
invention is above-mentioned transformed host where glucose dehydrogenase, which 
designates PQQ as supplementary molecule family, is Acinetobacter * cull core ceticus 
(Acinetobacter calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter baumannii) 
derivation. This invention is above-mentioned transformed host, which is a microorganism 
where the microorganism, which possesses PQQ production ability, belongs to Pseudomonas 
(Pseudomonas) being attached or Acinetobacter (Acinetobacter) being attached. 

[0018] As for this invention, microorganism which possesses PQQ production ability 
Pseudomonas * AERUGINOSA (Pseudomonas aeruginosa), Pseudomonas * fluorescence 
(Pseudomonas fluorescens), Pseudomonas putida (Pseudomonas putida) and Acinetobacter * 
cull core ceticus (Acinetobacter calcoaceticus), is the above-mentioned transformed host which 
is a microorganism which is chosen from group which consists of Acinetobacter * Baumann Ni 
(Acinetobacter baumannii). This invention is above-mentioned transformed host where 
microorganism, which possesses the PQQ production ability, is Pseudomonas putida 
(Pseudomonas putida). This invention is above-mentioned transformed host where 
microorganism which possesses the PQQ production ability is Acinetobacter * cull core ceticus 
(Acinetobacter calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter baumannii). 
This invention is above-mentioned transformed host where glucose dehydrogenase, which 
designates PQQ as supplementary molecule family, is solubility. 

[0019] This invention installing DNA fragment which includes gene which the glucose 
dehydrogenase which designates PQQ as supplementary molecule family the code is done 
microorganism which with recombinant vector which becomes possesses the PQQ production 
ability culturing transformed microorganism which transformation is done, glucose 
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dehydrogenase which designates PQQ as supplementary molecule family from said culture is 
the manufacturing method of glucose dehydrogenase which recovers. 

[0020] This invention is manufacturing method of above-mentioned glucose dehydrogenase 
where glucose dehydrogenase, which designates PQQ as supplementary molecule family is 
microorganism of Acinetobacter * cull core ceticus (Acinetobacter calcoaceticus) or 
Acinetobacter * Baumann Ni (Acinetobacter baumannii) derivation. This invention is 
manufacturing method of above-mentioned glucose dehydrogenase, which is a microorganism 
where microorganism, which possesses PQQ production ability, belongs to Pseudomonas 
(Pseudomonas) being attached or Acinetobacter (Acinetobacter) being attached. 

[0021] As for this invention, microorganism which possesses PQQ production ability 
Pseudomonas * AERUGINOSA (Pseudomonas aeruginosa), Pseudomonas * fluorescence 
(Pseudomonas fluorescens), Pseudomonas putida (Pseudomonas putida) and Acinetobacter * 
cull core ceticus (Acinetobacter calcoaceticus), is manufacturing method of the above- 
mentioned glucose dehydrogenase which is a microorganism which is chosen from group 
which consists of Acinetobacter * Baumann Ni (Acinetobacter baumannii). This invention is 
manufacturing method of above-mentioned glucose dehydrogenase where microorganism, 
which possesses PQQ production ability, is Pseudomonas putida (Pseudomonas putida). This 
invention is manufacturing method of above-mentioned glucose dehydrogenase where 
microorganism which possesses PQQ production ability is Acinetobacter * cull core ceticus 
(Acinetobacter calcoaceticus) or Acinetobacter * Baumann Ni (Acinetobacter baumannii). 
This invention is manufacturing method of above-mentioned glucose dehydrogenase where 
glucose dehydrogenase, which designates PQQ as supplementary molecule family, is 
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solubility. 

[0022] This invention lyophilizing doing glucose dehydrogenase which designates PQQ as a 
supplementary molecule family under existing of buffer of GOOD, is stabilization method of 
glucose dehydrogenase which designates that one keep as feature. This invention is 
stabilization method of above-mentioned glucose dehydrogenase where calcium coexists. This 
invention is stabilization method of above-mentioned glucose dehydrogenase, which is a 
buffer, which is chosen from group where buffer of GOOD consists of PIPES, MES and 
MOPS. 

[0023] It is a glucose dehydrogenase composite where this invention lyophilizing doing 
glucose dehydrogenase, which designates PQQ as supplementary molecule family under 
existing of the buffer of GOOD, designates that, it is something, which is kept as a feature and 
is stabilized. This invention is above-mentioned glucose dehydrogenase composite where 
calcium coexists. This invention is above-mentioned glucose dehydrogenase composite which 
is a buffer, which is chosen from group where buffer of GOOD consists of the PIPES, MES 
and MOPS. 

[0024] 

[Form of Implementing the Invention] Code is done DNA fragment, which includes gene, 
which can acquire the GDH that designates PQQ of this invention as supplementary molecule 
family from GDH producing microbe. As said GDH producing microbe, specifically, for 
example Acinetobacter * cull core ceticus, Acinetobacter * Baumann Ni (Acinetobacter 
baumannii), Pseudomonas * aeruginosa (Pseudomonas aeruginosa), Pseudomonas putida 
(Pseudomonas putida), Pseudomonas * fluorescence (Pseudomonas fluorescens), 
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Gluconobacter * oxydans or other oxidation bacteria and Agrobacterium radiobacter, the 
Escherichia coli and Klebsiella aerogenes or other intestinal bacteria can be listed. 
Acinetobacter * cull core ceticus or solubility GDH of Acinetobacter * Baumann Ni are 
desirable even among them. 

[0025] It is possible also to be possible to extract gene, which the said GDH code is done from 
these strain, in addition in chemical to synthesize. Furthermore, also it is possible to obtain 
DNA fragment, which includes the glucose dehydrogenase gene, which designates PQQ as 
supplementary molecule family with utilization of PCR method. 

[0026] Code is done above-mentioned GDH as gene which, amino acid sequence of 1 or 
several is deficient in gene or the (b) amino acid sequence (a) which protein which consists of 
amino acid sequence which is stated in for example (a) sequence table * Sequence Number 1 
code is done, consists of amino acid sequence which it is substituted or is added and, code is 
done gene which can list glucose dehydrogenase which designates PQQ which is a protein 
which at the same time possesses glucose dehydrogenase activity as supplementary molecule 
family. 

[0027] In addition, amino acid sequence of 1 or several is deficient in the gene or (f) amino 
acid sequence (e) which protein which consists of amino acid sequence which is stated in (e) 
sequence table * Sequence Number 3 code is done, consists of the amino acid sequence which 
it is substituted or is added and, code is done also the gene which can list glucose 
dehydrogenase which designates PQQ which is a protein which at same time possesses glucose 
dehydrogenase activity as supplementary molecule family. 

[0028] Furthermore, at time of arranging DNA or (d) above-mentioned (c) which consists of 



19 



base sequence which is stated in the(c) sequence table * Sequence Number 2, base of 1 or 
several to be deficient, be substituted or added, there is a DNA which protein which at the same 
time possesses glucose dehydrogenase activity code has been done. 

[0029] Furthermore, at time of arranging DNA or (h) above-mentioned (g) which consists of 
base sequence which is stated in the (g) sequence table * Sequence Number 4, base of 1 or 
several to be deficient, be substituted or added, there is a DNA which protein which at the same 
time possesses glucose dehydrogenase activity code has been done. 

[0030] Regarding to this invention, one can list next kind of method as the method, which 
obtains gene, which code it, does GDH. The linear expression vector and in blunt end or 
attached end of both DNA, connecting closing DNA ligase etc which cut off DNA separation 
and purification after doing chromosome of, for example, Acinetobacter * cull core ceticus N 
CIB 11517, making use of ultrasonic treatment and restriction enzyme treatment etc with it 
constructs recombinant vector. After importing said recombinant vector to replicatable host 
microorganism, screening doing with marker of vector and revelation of enzyme activity as 
index, one obtain the microorganism which keeps recombinant vector which contains gene 
which the GDH which designates PQQ as supplementary molecule family the code is done. 

[0031] Next, culturing microorganism which keeps above-mentioned recombinant vector, the 
separation and purification it does said recombinant vector from cell mass of said culture 
microorganism, the gene which code it does GDH it can recover from said expression vector. 
Chromosomal DNA of Acinetobacter * cull core ceticus N CIB 11517 which is a for example 
gene donor specifically recovers like below. 

[0032] For example 1 to 3-day period stirred culture doing said gene provision microorganism, 
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microbe collection it does fermentation broth which it acquires with centrifugal separation, it 
can manufacture content lysisones of GDH gene which designates PQQ as supplementary 
molecule family by next, lysis doing this. As method of lysis, treatment is administered by, for 
example, lysozyme or other bacteriolytic enzyme, the according to need protease and other 
enzyme and sodium lauryl sulfate (SDS) or other surfactant are jointly used. Furthermore, 
combining with physical fragmenting method like freezing, thawing, and French press 
treatment it is good. 

[0033] Separation and purification to do DNA from lysis ones which it acquires as description 
above, following to conventional method, it is possible to do deproteination treatment and 
ribonuclease treatment and alcohol precipitation treatment or other method due to, for example, 
phenol treatment and protease treatment due to appropriate combination especially. 

[0034] To do with, for example, ultrasonic treatment and restriction enzyme treatment etc it is 
possible method, which cuts off DNA which separation, and purification is done, from 
microorganism. Type II restriction enzyme which operates preferably specific nucleotide 
sequence is suitable. 

[0035] When cloning, those constructed can multiply which autonomously inside host 
microorganism as vector, phages or as one for gene recombination from plasmid are suitable. 
As phages, when, for example, Escherichia coli is designated as host microorganism, Lambda 
gtlO and the Lambda gtl 1 etc are illustrated. In addition, when, for example, Escherichia coli 
is designated as host microorganism as plasmid, the pBR322, pUC 1 9 and pBluescript etc are 
illustrated. 

[0036] Case of cloning, as description above cutting off with restriction enzyme which is used 
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for cutting of microorganism DNA which is a gene donor which the GDH which vector, 
description above is done code is done, it can acquire vector fragment, but as restriction 
enzyme which always is used for cutting of said microorganism DNA it is not necessary to use 
same restriction enzyme. If method which connects with microorganism DNA fragment and 
vector DNA fragment should have been method which uses DNA ligase of public knowledge, 
after annealing of attached end of for example microorganism DNA fragment and attached end 
of vector fragment, with use of the suitable DNA ligase recombinant vector of microorganism 
DNA fragment and vector DNA fragment draws up. After responding to need and annealing, 
importing to host microorganism, it is possible also to produce recombinant vector making use 
of DNA ligase of the inside the body. 

[0037] If recombinant vector is stability as host microorganism, which is used for cloning, at 
the same time character of adventitious gene is something, which can be revealed with 
autonomously replicatable, especially it is not restricted. Generally, Escherichia coli W 3 1 10 
, Escherichia coli C600, Escherichia coli HB 101 , Escherichia coli JM 109 and Escherichia 
coli DH5 a etc can be used. 

[0038] When for example host microorganism is Escherichia coli as method, which imports 
recombinant vector to the host microorganism, competent cell method and electroporesis 
method etc due to calcium treatment can be used. 

[0039] As description above microorganism, which is a transformed host that is acquired, can 
produce GDH of large amount in stability by being cultured with the nutrient culture medium. 
If selection concerning presence or absence of importation of object recombinant vector to the 
host microorganism should have searched microorganism which reveals GDH activity 
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simultaneously with drug resistance marker of vector which keeps DNA which is made object 
and addition of PQQ. One grow with selective media which is based on for example drug 
resistance marker and if one should have selected microorganism which at same time forms 
GDH. 

[0040] Reading it did base sequence of GDH gene which designates PQQ which is acquired 
with above-mentioned method as supplementary molecule family, with dideoxy method 
which is stated in Science , 2nd Vol.14 ,1205(1981). In addition, amino acid sequence of GDH 
as description above presumed from the base sequence that is decided. 

[0041] As description above, one time from recombinant vector which possesses the GDH gene 
which designates PQQ which is selected as supplementary molecule family, importation to 
recombinant vector which can be duplicated with the microorganism which possesses PQQ 
production ability with restriction enzyme and PCR method is a GDH gene by can recover, 
connecting DNA which with other vector fragment from recombinant vector which keeps GDH 
gene easily can execute. In addition, transformation of microorganism, which possesses PQQ 
production ability due to these vectors, can use competent cell method and electroporesis 
method etc due to calcium treatment. 

[0042] Methylobacterium being attached or other methanol assimilation bacteria , Acetobacter 
being attached and Gluconobacter being attached acetic acid bacteria , Flavobacterium being 
attached, the Pseudamonas sp. and Acinetobacter or other bacteria can be listed as 
microorganism, which possesses the PQQ production ability, host-vector system which can 
utilize Pseudamonas microbe and Acinetobacter bacteria to be established even among them, 
because it is easy to utilize, it is desirable. 
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[0043] With Pseudamonas microbe, Pseudomonas * AERUGINOSA, Pseudomonas * 
fluorescence and Pseudomonas putida etc can be used. In addition, with Acinetobacter 
bacteria Acinetobacter * cull core ceticus and Acinetobacter * Baumann Ni etc can be used. 

[0044] Vector of RSF 1 0 1 0 is useable derivation or vector, which possesses similar replicon 
in Pseudamonas microbe as recombinant vector, which can beduplicated with above-mentioned 
microorganism. (M.M. Bagdasarian and others and Gene (0378-1119, GENED6) 
,26,273(1983)) pCN40 andpCN60 etc such as for example pKT240 and pM MB 24 (C.C. 
Nieto and others and Gene (0378-1 119, GENED6) ,87,145(1990)) and pTSl 137 etc can be 
listed. In addition, (Y.Itoh and others and Gene (0378-1 119, GENED6) ,36,27(1985)), it can 
utilize also pNIl 1 1 and pNI20C (N.Itoh and others and Journal of Biochemistry (0021-924X, 
JOBIAO) , 1 10 ,614(1991)) such aspME290. 

[0045] With Acinetobacter bacteria, (W.Minas and others and Applied and Environmental 
Microbiology (0099-2240, AEMIDF) ,59,2807(1993)), (M.Hu ng er and others and Gene 
(0378-1 119, GENED6) ,87,45(1990)) such as pKT230 and pWH1266 such as pWM43 it is 
auseable as vector. 

[0046] Considering nutrition physiological characteristic of host, if culture conditions it should 
haveselected, in many cases it does culture form of host microorganism whichis a transformed 
host, with liquid culture. It is profitable in industrially to do aerated stirred culture. 

[0047] As nutrient source of culture medium, those, which, are usually used for theculture of 
microorganism, can be widely used. If it should have been an assimilated carbon compound as 
carbon source, for example glucose , sucrose , the lactose , maltose, lactose, molasses and 
pyruvic acid etc are used. In addition, if it should have been a practical nitrogen compound as 
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nitrogen source, for example peptone ,the meat extract , yeast extract , casein hydrolysate 
and soybean lees alkali extraction ones etc are used. In addition, phosphate salt , carbonate , 
sulfate , magnesium , calcium ,the potassium , iron , manganese , zinc or other salts , 
specific amino acid and the specific vitamin etc are used according to need. 

[0048] Microbe growth does culture temperature, can modify appropriately in the range, which 
produces GDH, but as description above in case of the microorganism, which possesses PQQ 
production ability, it is a preferably 20 to 42 °C extent, culture time differs more or less 
depending upon condition, but selecting the time where GDH reaches to maximum yield, if it 
should have completed culture in suitable time, it is a 12 to 7 2 hours extent usually. As for 
pH of culture medium microbe grows, can modify appropriately in range which produces 
GDH, but it is a range of preferably pH 6.0 to 9.0 extent. 

[0049] That way it recovers, also it is possible to utilize fermentation broth which includes cell 
mass which produces GDH in culture, but generally, following to conventional method, when 
GDH exists in culture medium, after separating with GDH-containing solution and microbial 
cell mass due to filtration and the centrifugal separation etc, it is utilized. When GDH exists 
inside cell mass, from culture which is acquired with filtration or centrifugal separation or 
other means cell mass it recovers, next, destroys this cell mass with mechanical method, or 
lysozyme or other enzymatic method in addition, adding the according to need , EDTA or 
other chelator and surfactant, solubilizing it does GDH, the separation and recovery it does as 
aqueous solution. 

[0050] GDH-containing solution which it acquires as description above, for example vacuum 
concentration and film concentration, furthermore if it should have precipitated due to the 
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fractional precipitation method due to ammonium sulfate , sodium sulfate or other salt 
precipitation treatment or hydrophilic organic solvent , for example methanol , the ethanol and 
acetone etc. In addition, also heat treatment and isoelectric point treatment are effective 
purification means, after that, GDH, which was refined by doing gel filtration ,the adsorption 
chromatography , ion exchange chromatography and affinity chromatography due to 
adsorbent or gel filtration agent etc., can be acquired. 

[0051] Separation and purification it does gel filtration and DEAE Sepharose CL-6B due to 
for example Sephadex (Sephadex) gel ( Pharmacia bio tech) etc ( Pharmacia bio tech), with 
octyl Sepharose CL-6B ( Pharmacia bio tech) or other column chromatography , can acquire 
purified enzyme standard. As for said purified enzyme standard, purification it is desirable in 
extent which electrophoresis (SDS - PAGE)shows single band to be done. 

[0052] Powdering doing purified enzyme which it acquires as description above, with the for 
example lyophilizing , vacuum drying and spray dry etc it is possible to circulate. At that 
occasion, purified enzyme can use those which are been dissolving in the buffer of phosphate 
buffer, Tris HC1 buffer and GOOD. Any preferred things are buffer of GOOD, PIPES, MES 
or the MOPS buffer especially are desirable even among them. In addition, from GDH it can 
be stabilized by adding calcium ion or its salt ,and glutamic acid , glutamine , lysine or other 
amino acids and furthermore blood serum albumin etc. 

[0053] One example of GDH which designates PQQ of this invention as the supplementary 
molecule, has kind of physicochemical properties which is shown below the . 

Action : D — glucose + artificial electron acceptor — ► 3 - gluconolactone + reducing 
type electron acceptor 
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Heat stability : Approximately 50 °C or below ( pH 7. 5, 3 0 min treatment) 
PH stability : 3.5 to 8.5 (25 °C and 1 6 hours treatment) 
Optimal temperature : Approximately 40 °C 
Optimal pH : 7.0 
Molecular weight : 50000 

[0054] Regarding to this invention, it measures GDH activity, which it makes supplementary 
molecule family with condition below. 

[0055] < reagent > 

50 mM PIPES buffer (pH 6.5) 

0.2 mM PMS 

0.2 mM NTB 

30.6 mM glucose 

0.1 9% Triton X- 100 

[0056] <Measurement condition> Above-mentioned reagent mixed solution 3 ml with 37 °C 
after approximately 5 min preparatory heating, leniently after mixing, water 5 min is recorded 
with the spectrophotometer which is controlled to 37 °C to contrast including the enzyme 
solution of 0. 1 ml, absorbance change of per minute is measured from linear part, blind test 
below measures absorbance change in same way in place of enzyme solution distilled water in 
addition to reagent mixed solution, amount of enzyme, which with above-mentioned condition 



27 



forms diformazan of the 1/2 ^imol in 1 minute, is designated as 1 unit (U). 
[0057] 

[Working Example(s)] Below, with Working Example , this invention is explained 
specifically. 

Working Example 1 : Separation of chromosomal DNA 

Chromosomal DNA of Acinetobacter * cull core ceticus N CIB 11517 was separated with 
following method, microbe collection it did the same strain 30 °C and overnight shaking 
culture after doing, with centrifugal separation (8000 rpm and lOmin) with LB culture 
medium of 100 ml. Suspension it did in solution 5 ml which includes 20 % sucrose , 50 mM 
tris / hydrochloric acid buffer (pH 7.6)and 1 mM EDTA, 37 °C and 3 0 min temperature- 
holding it did including proteinase K solution (100 mg/ml) of the 1 ml, next, added 10 % 
lauroyl sarcosine sodium solution of 1 ml. 

[0058] It agitated mixed to above-mentioned solution including chloroform * phenol solution 
(1 : 1) of the equivalent, divided into water layer and solvent layer with centrifugation of 
the 10000 rpm and 3 min, fraction collection did water layer. While double layer doing 
ethanol of 2 times amount gently in said water layer, agitating slowly with glass rod making 
DNA glass rod be coiled around it and separated. This it melted with tris / hydrochloric acid 
buffer (pH 8.0; below , TE one briefly describe. ) which includes 1 mM EDTA. This after 
treating, fraction collection it did water layer with chloroform * phenol solution of the 
equivalent with centrifugal separation , it separated DNA for second time with the above- 
mentioned method including ethanol of 2 times amount, melted with TE of 2 ml. 
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[0059] Working Example 2 : Possesses DNA fragment and said DNA fragment which contain 
gene which the soluble GDH which designates PQQ as supplementary molecule family the 
code is done manufacturing recombinant vector which 

Partial hydrolysis it did DNA 5 n g which is acquired with Working Example 1 with the 
restriction enzyme Sau3AI ( Toyobo Co. Ltd. (DB 69-053-8160) make), after making fragment 
above 2 kbp, 16 °C and thel 6-hour reaction doing with pBluescript KS(+) 1 u g and T4 DNA 
ligase ( Toyobo Co. Ltd. (DB 69-053-8160) make) 1 unit which are cut off with BamHI ( 
Toyobo Co. Ltd. (DB 69-053-8160) make), it connected DNA. transformation it did DNA 
which it connects making use of competent cell ( Toyobo Co. Ltd. (DB 69-053-8160) make) of 
Escherichia JM109 . Per DNA lug which one use approximately 10 5 colony of transformed 
host acquired. 

[0060] Next, 30 °C and 2 4 hours it cultured colony which is acquired with LB culture 
medium which includes 50 n g/ml ampicillin, after lysozyme fragmenting, added PQQ, 
measured soluble GDH activity of said crude enzyme solution. As a result, GDH producing 
strain, which designates PQQ of 1 strain as a supplementary molecule family, was discovered, 
insert DNA of approximately 8 kbp existed in plasmid which said strain possesses, designated 
saidplasmidaspPGHl . 

[0061] Cutting off said plasmid DNA 5jxg with restriction enzyme MB oil ( Toyobo Co. Ltd. 
(DB 69-053-8160) make), it did agarose gel electrophoresis, it cut the fragment of length 
approximately 1 .9 kb that includes soluble GDH gene. DNA which is isolated and 
pBluescriptKS(+) 1 n g which is cut off with EcoRV ( Toyobo Co. Ltd. (DB 69-053-8160) 
make) 16 °C and 1 6-hour reaction doing with T4 DNA ligase 1 unit, it connected DNA. 
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DNA, which it connects, did transformation making use of competent cell of the Escherichia 
coli JM109 . one discovered colony, which possesses plasmid, which possesses GDH gene in 
colony, which is acquired, said plasmid pPGH2 designated. 

[0062] Working Example 3: Decision of base sequence 

Deny Shone Mutant was manufactured in accordance with the conventional method 
concerning inserted DNA fragment of pPGH2 . various subclone decided base sequence in 
accordance with conventional method, making use of sequencing * kit (Radioactive 
Sequencing Kit) ( Toyobo Co. Ltd. (DB 69-053-8160) make), base sequence and amino acid 
sequence, which it decides, are as shown in Sequence Number 1 and 2. molecular weight of 
protein which is sought from amino acid sequence was approximately 52800, almost it agreed 
with molecular weight of GDH of the Acinetobacter * cull core ceticus N CIB 11517. 

[0063] Working Example 4: Decision of base sequence of soluble GDH of Acinetobacter * 
BaumannNi JCM6841 

Chromosomal DNA of Acinetobacter * Baumann Ni JCM6841 was separated with method 
which is similar to Working Example 1 , manufacturing recombinant vector which possesses 
the DNA fragment and said DNA fragment which contain gene which soluble GDH which 
designates PQQ as supplementary molecule family code is done was executed in same way as 
Working Example 2, pPGH6 which possesses the inserted fragment of approximately 7 Kbp 
was acquired, subcloning doing DNA fragment of 4 kb, which includes DNA fragment, which 
contains gene which GDH code is done from, said plasmid with conventional method , it 
constructed pPGH7 . 

[0064] Next, Derry Shone Mutant was manufactured in accordance with the conventional 
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method concerning inserted DNA fragment of pPGH7 . various subclone decided base 
sequence in accordance with conventional method, making use of sequencing * kit 
(Radioactive Sequencing Kit) ( Toyobo Co. Ltd. (DB 69-053-8160) make), base sequence and 
amino acid sequence, which it decides, are as shown in Sequence Number 3 and 4. molecular 
weight of protein which is sought from amino acid sequence was approximately 53000, almost 
it agreed with molecular weight of GDH of the Acinetobacter * Baumann Ni JCM6841 . 

[0065] Working Example 5: Can be duplicated with Pseudamonas microbe construction of 
expression vector which 

Cutting off plasmid DNA 5 jag that is acquired with Working Example 3 with restriction 
enzyme BamHI and Xhol ( Toyobo Co. Ltd. (DB 69-053-8160) make), it isolated DNA, which 
includes fragment of the length 1 .9Kb, which includes GDH gene. DNA and l|ig, which is, 
isolated 16 °C and thel 6-hour reaction doing pTSl 137 , which is, cut off with BamHI and 
Xhol with T4 DNA ligase 1 unit, it connected DNA. DNA, which it connects, did 
transformation making use of competent cell of the Escherichia coli DH5 a . one discovered 
colony, which possesses plasmid, which possesses GDH gene in colony, which is acquired, 
said plasmid pGLD3 designated. 

[0066] Working Example 6: Can be duplicated with Acinetobacter bacteria construction of 
expression vector which 

Cutting off plasmid DNA 5jxg that is acquired with Working Example 3 with restriction 
enzyme MB oil ( Toyobo Co. Ltd. (DB 69-053-8160) make), it isolated DNA, which includes 
fragment of length 1.9Kb, which includes GDH gene. DNA and l|ig which is isolated 16 °C 
and thel 6-hour reaction doing pWH1266 which is cut off with MscI ( Toyobo Co. Ltd. (DB 
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69-053-8160) make) with theT4 DNA ligase 1 unit, it connected DNA. DNA, which it 
connects, did transformation making use of competent cell of the Escherichia coli DH5 a. 
one discovered colony, which possesses plasmid, which possesses GDH gene in colony, which 
is acquired, said plasmid pGLD4 designated. 

[0067] Comparative Example 1 : Construction of expression vector for Escherichia coli host 

Cutting off plasmid DNA 5jig acquired with Working Example 3 with restriction enzyme MB 
oil ( Toyobo Co. Ltd. (DB 69-053-8160) make), it isolated DNA, which includes fragment of 
length 1 .8Kb, which includes GDH gene. DNA which is isolated and pBluescript KS(+) 1 ju g 
which is cut off with EcoRV 16 °C and 1 6-hour reaction doing with T4 DNA ligase 1 unit, it 
connected DNA. DNA, which it connects, did transformation making use of competent cell 
of the Escherichia coli JM1 09 . one discovered colony, which possesses plasmid, which 
possesses GDH gene in colony, which is acquired, said plasmid pGLD5 designated. 

[0068] Comparative Example 2: Designates PQQ from Escherichia coli JM109 /pGLD5 as 
supplementary molecule family production of GDH which 

Terrific broth500 ml aliquot was done in 2L flask, 121 °C and 15 min autoclave were done, 
after cooling, separate sterile 50 mg/ml ampicillin 0.5 ml, which is filtered, was added, 
inoculation it did fermentation broth 5 ml of Escherichia coli JM109 /pPGLDS which in said 
culture medium beforehand, the 30 °C and 2 4 hours shaking culture is done with LB culture 
medium, 2 4 hours aerated stirred culture did with the37 °C. GDH activity at time of culture 
end was approximately 0.34 U/ml. On one hand, when PQQ of 10 jamol after adding, activity 
measurement is done in activity measurement reagent, it was a 120 U/ml. 
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[0069] Working Example 7: Possesses PQQ production ability production of transformed host 
of microorganism which 

30 °C and 1 6 hours it cultured Pseudomonas putida TE3493 ( NIBH approaching/leaning 
12298 number) with LBG culture medium (LB culture medium + 0.3 % glycerol), with the 
centrifugal separation (12000 rpm and lOmin) cell mass it recovered, suspension it did the 
cell mass including 5 mM K - phosphate buffer (pH 7.0)8 ml which includes 300 mM sucrose 
which ice cooling is done in this cell mass. For second time with centrifugal separation 
(12000 rpm and lOmin) cell mass it recovered, the suspension it did cell mass including 5 
mM K - phosphate buffer (pH 7.0)0.4 ml which includes the300 mM sucrose which ice 
cooling is done in this cell mass. 

[0070] Transformation it did including plasmid DNA (pGLD3)0.5jig that in said suspension is 
acquired with Working Example 5, with electroporesis method. From colony, which is grown 
in LB culture medium, which includes 50 ^ig/ml streptomycin, the clone, which possesses 
soluble GDH activity, which designates PQQ as a supplementary molecule family, was 
acquired. 

[0071] In same way, Pseudomonas putida TNI 126 strain and Pseudomonas* 
AERUGINOSAPAOl 162 strain , transformed host was acquired from Pseudomonas * 
fluorescence IFO 12568 strain making use of above-mentioned pGLD3 . 

[0072] In addition, 30 °C and 1 6 hours it cultured Acinetobacter * cull core ceticus N CIB 
11517 with LB culture medium, with centrifugal separation (12000 rpm and lOmin) cell 
mass it recovered, the suspension it did cell mass including sterile water 8 ml which ice 
cooling is done in this cell mass. For second time, cell mass it recovered with centrifugal 
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separation (12000 rpm and lOmin) ,the suspension it designated cell mass as said cell 
mass including thelO % glycerol 0.4 ml. 

[0073] Transformation it did including plasmid DNA (pGLD4)0.5ng that in said suspension 50 
|il is acquired with Working Example 6, with electroporesis method. From colony, which is 
grown in LB culture medium, which includes tetracycline 50 jag/ml, the clone, which 
possesses soluble GDH activity, which designates PQQ as a supplementary molecule family, 
was acquired. 

[0074] Working Example 8: With transformed host which it acquires comparison of GDH 
activity expression quantity 

30 °C and 2 4 hours it cultured Acinetobacter * cull core ceticus N CIB 11517 with Terrific 
broth50 ml (1 .2 % polypeptone , 2.4 % yeast extract , 0.4 % NaCl, 17 mM KH 2 P0 4 , 72 mM 
K2 HPO4 and pH 7.0) transformed host of 5 kind which is acquired with Working Example 7, 
as the transformed host, and control which are acquired with Comparative Example 2 cell 
mass it recovered with centrifugal separation (12000 rpm and 3min) . said cell mass cell 
mass fragmenting was done in 50 mM tris / hydrochloric acid buffer and pH 7.5which include 
CaCb of 1 mM after suspension, with the ultrasound . cell mass residue was removed with 
centrifugal separation (12000 rpm and 5min), crude enzyme solution after manufacturing, 
GDH activity was measured. Result is shown in Table 1 . 

[0075] Working Example 9: Designates PQQ from Pseudomonas putida TE3493/pGLD3 as 
supplementary molecule family production of GDH which 

Terrific broth 500 ml aliquot was done in 2L flask, 121 °C and 15 min autoclave were done, 
after cooling, separate sterile 50 mg/ml streptomycin 0.5 ml, which is filtered, was added. 
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inoculation it did fermentation broth 5 ml of Pseudomonas putida TE3493/pGLD3 which is 
acquired with Working Example 7 which in said culture medium beforehand, 30 °C and 2 4 
hours shaking culture is done with LB culture medium, 4 8-hour aerated stirred culture did with 
37 °C. GDH activity at time of culture end was approximately 45 U/ml. 

[0076] Microbe collection it did above-mentioned cell mass with centrifugal separation , the 
suspension did in 20 mM phosphate buffer and pH 7.0. said cell mass suspension after 
fragmenting, it did centrifugal separation with French press, it acquired supernatant liquid as 
crude enzyme solution. After doing nucleic acid removal treatment and ammonium sulfate 
fractionation treatment with polyethylene imine, the desalting it did said crude enzyme 
solution with gel filtration due to Sephadex G - 25 ( Pharmacia bio tech), the separation and 
purification doing CM Sepharose ( Pharmacia bio tech), with phenyl Sepharose ( Pharmacia 
bio tech) column chromatography , it acquired the purified enzyme standard. 

[0077] GDH standard that is acquired with above-mentioned method almost showed single 
band electrophoresis (SDS - PAGE), in this case specific activity was approximately2100U/ 
mg - protein. 

[0078] Below, property of GDH, which designates PQQ, which is acquired with above- 
mentioned method as supplementary molecule family, is shown. 

Action : D — glucose + artificial electron acceptor — ► d - gluconolactone + reducing 
type electron acceptor 

Heat stability : Approximately 50 °C or below ( pH 7.5,3 0 min treatment) 
PH stability : 3.5 to 8.5 (25 °C ,1 6 hours treatment) 
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Optimal temperature : Approximately 40 °C 
Optimal pH : 7.0 
Molecular weight : 50000 

[0079] Microbe collection it did above-mentioned cell mass with centrifugal separation , the 
suspension did in 20 mM phosphate buffer (pH 7.0). said cell mass suspension after 
fragmenting, it did centrifugal separation with French press, it acquired supernatant liquid as 
crude enzyme solution. After doing nucleic acid removal treatment and ammonium sulfate 
fractionation treatment with polyethylene imine, the desalting it did said crude enzyme 
solution with gel filtration due to Sephadex G - 25 ( Pharmacia bio tech), the separation and 
purification it did CM Sepharose ( Pharmacia bio tech), with phenyl Sepharose ( Pharmacia 
bio tech) column chromatography , acquired the purified enzyme standard. 

[0080] GDH standard, which is acquired with this method almost, showed single 
bandelectrophoresis (SDS - PAGE), in this case specific activity was approximately 85U/ mg - 
protein. This enzyme CaCl 2 of 1 mM and under PQQ existing of the 10 v mol, 37 °C and 1 
hour incubate after doing, specific activity was measured, but it was no more than an 
approximately 460U/ mg - protein. 

[0081] Working Example 10: Powdering of GDH 

Lyophilizing after doing GDH of Working Example 9 which is melted in theCaCl 2 of 1 mM 
and in various buffer which include BSA (Vis-a-vis GDH 1.0 parts by weight 1 .0 parts by 
weight ),the residue behavior of GDH activity in 37 °C was measured. Result is shown in 
Table 2. 
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[0082] 



J|y W tv» W rr 


MMf (U/iI) 


P outida TE3493/dGI D3 


1 u 




? ft 


P aeruginosa PAQ1162/dGLD3 


3 0 


P. fluoresces lF012568/pGLD3 


2 7 


icalcoaceticus NCIB11517/pGLD4 


22 


B. coli Jill09/pGLD5 (JtK«2) 


0. 23 


A. calcoaceticus N1CBU517 (SI) 


1. 6 



[Table 1] 
[0083] 





mm {%) 


S&HBft 


3 7t, 3 BIB 


HJXlK, pH7. 5 


98. 6 


38. 8 


PIPES, pH6. 5 


99. 8 


10 1.0 


ME S, pH6. 5 


10 2.0 


99. 6 


MOPS, pH 6. 5 


99. 2 


52. 4 


HEPES, pH7. 0 


10 1.0 


28. 3 



[Table 2] 



[0084] 

[Effectiveness of the Invention] Above-mentioned way, regarding to this invention, glucose 
dehydrogenase which designates PQQ as supplementary molecule family was isolated. In 
addition, manufacturing method of GDH which designates PQQ as a supplementary molecule 
family with genetic engineering technology which utilizes host- vector system which uses 
microorganism which possesses PQQ production ability, was established. According to 
manufacturing method of this invention, GDH which designates the highly pure PQQ as 
supplementary molecule family it is possible to produce efficiently in inexpensive. 

[0085] 

< sequence table > 
Sequence Number : 1 
Length of sequence : 480 
Form of sequence : Amino acid 
Topology : Straight chain 
Kind of sequence : Protein 
Origin 

Organism name : Acinetobacter * cull core ceticus (Acinetobacter calcoaceticus) 

Strain name : N CIB 11517 

Arrangement 

Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 
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1 5 
10 15 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 
20 

25 30 

Gin Phe Ala Lys Ala Lys Thr GluA sn Phe Asp Lys Lys Val He Leu 

35 40 45 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Tip Gly Pro Asp Asn Gin 

50 55 60 

He Tip Leu Thr GluA rg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 
85 

90 95 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 
100 

105 110 

Phe Lys His Asn Pro Tyr He Tyr lie Ser Gly Thr Phe Lys Asn Pro 
115 120 125 
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Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He ArgArgTyr 

130 135 140 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly ArgLeuVal He 
165 

170 175 

Gly Pro Asp Gin Lys lie Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 
180 

185 190 

Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 

Leu Arg Leu Asn Leu Asp Gly Ser Val Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 
245 

250 255 
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Gly Leu Ala Phe Ala Pro Asn Gly LysLeuLeu Gin Ser Glu Gin Gly 
260 

265 270 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 31 0 31 5 320 

Gin Asn Gly lie Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

Glu Tip Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 
340 

345 350 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

Gly Gly Lys Lys Ala He Pro Gly Trp GluA sn Thr Leu Leu Val Pro 



385 390 395 400 

Ser LeuLysArg Gly Val lie Phe Arg He LysLeu Asp Pro Thr Tyr 
405 

410 415 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 
420 

425 430 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 
435 440 445 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 
450 455 460 

Thr Leu GluA sn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 

465 470 475 480 

[0086] Sequence Number : 2 
Length of sequence : 1443 
Form of sequence : Nucleic acid 
Topology : Straight chain 
Type of sequence : Genomic DNA 
Origin 



Organism name : Acinetobacter * cull core ceticus (Acinetobacter calcoaceticus) 

Strain name : N CIB 11517 

Arrangement 

ATG AAT AAA CAT TTA TTA GCA AAA ATC ACT CTT TTA GGT GCT GCA CAA 
48 

Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 

1 5 
10 15 

CTA TTT ACG TTT CAT ACG GCA TTT GCA GAT ATA CCT CTG ACA CCT 
GCT 96 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 
20 

25 30 

CAG TTC GCA AAA GCG AAA ACA GAA AAT TTT GAT AAA AAA GTG ATT 
CTG 144 

Gin Phe Ala Lys Ala Lys Thr GluA sn Phe Asp Lys Lys Val He Leu 

35 40 45 

TCC AAT TTA AAT AAA CCA CAT GCT TTG TTA TGG GGG CCA GAT AAT CAA 
192 

43 



Ser Asn Leu Asn Lys Pro His Ala Leu Leu Tip Gly Pro Asp Asn Gin 
50 55 60 

ATT TGG TTA ACC GAA CGT GCA ACT GGC AAA ATT TTA AGA GTA AAT C CT 
240 

He TrpLeu Thr GluArg Ala Thr Gly Lys He LeuArgVal Asn Pro 
65 70 75 80 

GTA TCT GGT AGC GCG AAA ACA GTA TTT CAG GTT CCT GAA ATT GTG 
AGT 288 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 
85 

90 95 

GATGCT GAT GGG CAA AAT GGT 
TTG TTA GGT TTT GCT TTT CAT C CT GAC 336 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 
100 

105 110 

TTT AAA CA T AAC C CT TAT ATC TAT ATT TCA GGC ACT TTT AAA AAT CCA 
384 

Phe Lys His Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 
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115 120 125 

AAA TCT ACA GAT AAA GAG TTA 

CCT AAT CAG ACG ATT ATT CGT AGA TAT 432 

Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He ArgArgTyr 

130 135 140 

ACC TAT AAT AAA ACT ACA GAT ACA TTT GAA AAG CCT ATT GAT TTG ATT 
480 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

GCA GGT TTA CCG TCA TCA AAA GAT CAT CAG TCT GGT CGT CTC GTT ATT 
528 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly ArgLeuVal He 
165 

170 175 

GGT CCA GAC CAA AAA ATC TAC TAT ACG ATT GGT GAC CAA GGT CGT AAT 
576 

Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 
180 

185 190 

CAG TTA GCT TAT CTG TTC TTA CCG AAT CAG GCA CAG CAT ACT CCG ACT 

45 



624 

Gin Leu Ala TyrLeu Phe Leu Pro Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

CAG CAA GAG CTC AAT AGT AAA GAC 
TAC CAT ACA TAT ATG GGT AAA GTA 672 
Gin Gin Glu Leu Asn Ser Lys Asp TyrHis Thr TyrMet Gly LysVal 

210 215 220 

TTA CGC TTA AAT CTG GAC GGC 
AGT GTA CCT AAA GAC AAC CCA AGC 
TTT 720 

Leu Arg Leu Asn Leu Asp Gly Ser Val Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

AAC GGC GTA GTG AGT CAT ATC TAC ACT TTA GGG CAC CGT AAT CCA CAA 
768 

Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 
245 

250 255 

G GT TTA GCA TTT GCC CCA AAT GGA AAG CTT TTA CAA TCT GAG CAA GGA 
816 
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Gly Leu Ala Phe Ala Pro Asn Gly LysLeuLeu Gin Ser Glu Gin Gly 
260 

265 270 

CCA AAT TCT GAT GAT GAA 
ATT AAC CTT GTA TTA AAA GGT GGT AAC TAT 864 

Pro Asn Ser Asp Asp Glu He Asn LeuValLeuLys Gly Gly Asn Tyr 
275 280 285 

GGC TGG CCA AAT GTA GCT GGT TAT AAA GAT GAC AGT GGT TAT GCC 
TAT 912 

Gly Tip Pro Asn Val Ala Gly TyrLys Asp Asp Ser Gly Tyr Ala Tyr 
290 295 300 

GCA AAC TAT TCG GCA GCA ACC AAT AAA TCA CAA ATT AAA GAT TTA GCT 
960 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 31 0 31 5 320 

CAA AAC GGG ATA AAA GTA GCA ACA GGT GTT CCT GTG ACT AAA 
GAG TCT 1008 

Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 
325 
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330 335 

GAA TGG ACT GGT AAA AAC TTT GTG CCG CCT TTG AAA ACT TTA TAT ACG 
1056 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro LeuLys Thr LeuTyr Thr 

340 345 350 

GTA CAA GAT ACC TAT AAC TAT A AT GAC CCT ACT TGT GGT GAGATGGCA 
1104 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

TAT ATT TGC TGG CCA ACG GTT GCA CCG TCA TCA GCA TAT GTA TAT ACG 
1152 

Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

GGA GGC AAA AAA GCG ATT CCA GGG 
TGG GAA AAT ACA TTA TTG GTC CCA 1200 
Gly Gly Lys Lys Ala He Pro Gly Trp GluA sn Thr Leu Leu Val Pro 
385 390 395 400 

TCT TTA AAA CGT GGG GTG ATT TTC CGT ATT AAA TTG GAC CCG ACA TAT 
1248 

Ser Leu Lys Arg Gly Val He Phe Arg He Lys Leu Asp Pro Thr Tyr 

48 



405 

410 415 

AGC ACG ACT TTG GAT GAT GCT ATC CCA ATG TTT AAA AGC AAT AAC CGT 
1296 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 
420 

425 430 

TAT CGT GAT GTC ATC GCT AGT 
CCA GAA GGT AAT ACC TTA TAT GTG CTG 1 344 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 
435 440 445 

ACT GAT ACA GCG GGG AAT GTA CAA AAA GAT GAT GGT TCT GTC 
ACT CAT 1392 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

ACT TTA GAG AAT CCC GGT TCT CTC ATT AAA TTT ACA TAT AAC GGT 
AAG 1440 

Thr Leu GluA sn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 
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TAA 1443 
[0087] Sequence Number : 3 
Length of sequence : 480 
Form of sequence : Amino acid 
Topology : Straight chain 
Kind of sequence : Protein 
Origin 

Organism name : Acinetobacter * Baumann Ni (Acinetobacter baumannii ) 

Strain name : JCM6841 

Arrangement 

Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 

1 5 
10 15 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 

20 25 30 

Gin Phe Ala Lys Ala Lys Thr GluA sn Phe Asp Lys Lys Val He Leu 

35 40 45 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 
50 55 60 



He Trp Leu Thr GluA rg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 
85 

90 95 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 
100 

105 110 

Phe Lys His Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 

130 135 140 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu He 
145 150 155 160 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val lie 
165 

170 175 

Gly Pro Asp Gin Lys lie Tyr Tyr Thr lie Gly Asp Gin Gly Arg Asn 
180 



185 190 

Gin Leu Ala TyrLeu Phe Leu Ser Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

Gin Gin Glu Leu Asn Ser Lys Asp TyrHis Thr TyrMet Gly LysVal 

210 215 220 

LeuArgLeu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

Asn Gly ValVal Ser His He Tyr Thr Leu Gly HisArg Asn Pro Gin 
245 

250 255 

Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin lie Lys Asp Leu Ala 
305 31 0 31 5 320 

Gin Asn Gly He LysVal Ala Thr Gly Val Pro Val Thr Lys Glu Ser 



325 

330 335 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro LeuLys Thr LeuTyr Thr 

340 345 350 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

Gly Gly Lys Lys Ala He Pro Gly Trp GluA sn Thr Leu Leu Val Pro 
385 390 395 400 

Ser LeuLysArg Gly Val He Phe Arg He Lys Leu Asp Pro Thr Tyr 
405 

410 415 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 
420 

425 430 

Tyr Arg Asp Val lie Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 



450 455 460 

Thr Leu GluA sn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 

465 470 475 480 

[0088] Sequence Number : 4 
Length of sequence : 1443 
Form of sequence : Nucleic acid 
Topology : Straight chain 
Kind of sequence : Genomic DNA 
Origin 

Organism name : Acinetobacter * Baumann Ni (Acinetobacter baumannii ) 

Strain name : JCM6841 

Arrangement 

ATG AAT AAA CAT TTA TTA GCA AAA ATC ACT CT T TTA GGT GCT GCA CAA 
48 

Met Asn Lys His Leu Leu Ala Lys He Thr Leu Leu Gly Ala Ala Gin 

1 5 
10 15 

CTA TTT ACG TTT CAT ACG GCA TTT GCA GAT ATA CCT CTG ACA CCT 
GCT 96 

54 



Leu Phe Thr Phe His Thr Ala Phe Ala Asp He Pro Leu Thr Pro Ala 
20 

25 30 

CAG TTC GCA AAA GCG AAA ACA GAA AAT TTT GAT AAA AAA GTG ATT 
CTG 144 

Gin Phe Ala Lys Ala Lys Thr GluA sn Phe Asp Lys Lys Val He Leu 

35 40 45 

TCC AAT TTA AAT AAA CCA CAT GCT TTG TTA TGG GGG CCA GAT AAT CAA 
192 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 

50 55 60 

ATT TGG TTA ACC GAA CGT GCA ACT GGC AAA ATT TTA AGA GTA AAT CCT 
240 

He Trp Leu Thr GluA rg Ala Thr Gly Lys He Leu Arg Val Asn Pro 
65 70 75 80 

GTA TCT GGT AGC GCG AAA ACA GTA TTT CAG GTT CCT GAA ATT 
GTGAGT 288 

Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 
85 

55 



90 95 

GAT GCT GAT GGG CAA AAT GGT 
TTGTTAGGT TTTGCT TTT CAT CCT GAC 336 

Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 
100 

105 110 

TTT AAA CAT AAC CCT TAT ATC TAT ATT TCA GGC ACT TTT AAA AAT CCA 
384 

Phe LysHis Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

AAA TCT ACA GAT AAA GAG TTA 
CCT AAT CAG ACA ATT ATT C GTA GA TAT 432 
Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr He He Arg Arg Tyr 

130 135 140 

ACC TAT AAT AAA ACT ACA GAT ACA TTT GAA AAG CCT ATT GAT TTG 
ATT 480 

Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro He Asp Leu lie 
145 150 155 160 

GCA GGT TTA CCG TCA TCA AAA GAT CAT CAG TCT GGT CGT CTC GTT ATT 

56 



528 

Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly ArgLeuVal He 
165 

170 175 

Gly Pro Asp Gin Lys He TyrTyr Thr He Gly Asp Gin Gly Arg Asn 
180 

185 190 

CAG TTA GCT TAT CTA TTC TTA TCG AAT CAG GCA CAG CAT ACT CCG ACT 
624 

Gin Leu Ala. Tyr Leu Phe Leu Ser Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

CAG CAA GAG CTC AAT AGT 
AAA GAC TAC CAT ACA TAT ATG 
GGTAAA GTA 672 
Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly LysVal 

210 215 220 

TTA CGC TTA AAT CTG GAC GGC AGT 
ATA CCT AAA GAC A AC CCA AGC TTT 720 

Leu Arg Leu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
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225 230 235 240 

AAC GGC GTA GTG AGT CAT 
ATC TAC ACT TTA GGG CAC CGT 
AATCCACAA 768 

Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 
245 250 255 

G GT TTA GCA TTT GCC CCA AAT 
GGA AAG CTT TTA CAA TCT GAG 
CAA GGG 816 

Gly Leu Ala Phe Ala Pro Asn Gly LysLeuLeu Gin Ser Glu Gin Gly 

260 265 270 

CCA AAT TCT GAT GAT GAA ATT AAC CT T GTA TTA AAA GGT GGT AAC 
TAT 864 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 
275 280 285 

GGC TGG CCA AAT GTA GCT 
GGT TAT AAA GAT GAC AGT GGT 
TAT GCC TAT 912 

Gly Tip Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 
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290 295 300 

GCA AAC TAT TCG GCA GCA 
ACC AAT AAA TC ACA A ATT AAA 
GATTTAGCT 960 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 310 315 320 

CAA AAC GGG ATA AAA GTA GCA ACA GGT GTT CCT GTG ACT AAA 
GAG TCT 1008 

Gin Asn Gly He LysVal Ala Thr Gly Val Pro Val Thr Lys Glu Ser 
325 

330 335 

GAA TGG ACT GGT AAA AAC TTT 
GTG CCA CCT TTG AAA ACT TTA TAT ACG 1056 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 
340 

345 350 

GTA CAA GAT ACC TAT AAC TAT 
AATGAC CCT ACT TGT GGT GAG ATG GCA 1104 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 



355 360 365 

TAT ATT TGC TGG CCA ACG GT T GCA CCG TCA TCG GCA TAT GTA TATACG 
1152 

Tyr He Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

GGA GGC AAA AAA GCG ATT CCA GG GT GG GAA AAT ACA TTA TTG GTC 
CCA 1200 

Gly Gly Lys Lys Ala He Pro Gly Trp GluA sn Thr Leu Leu Val Pro 
385 390 395 400 

TCT TTA AAA C GT GGG GT G ATT TTC C GTA TT AAA TTG GAC CCG ACA 
TAT 1248 

Ser LeuLysArg Gly Val He Phe Arg He Lys Leu Asp Pro Thr Tyr 
405 

410 415 

AGC ACG ACT TTG GAT GAT GCT ATC CCA ATG TTT AAA AGC AAT AAC CGT 
1296 

Ser Thr Thr Leu Asp Asp Ala He Pro Met Phe Lys Ser Asn Asn Arg 
420 

425 430 
TAT CGT GAT GTC ATC GCT AGT 
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CCA GAA GGT AAT ACC TTA TAT GTG CTG 1344 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

ACT GAT ACA GCG GGA AAT GTA CAA AAA GAT GAT GGT TCA GTC ACT 
CAT 1392 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

ACT TTA GAG AAT CCC GGT TCT CTC ATT AAA TTT ACA TAT AAC GGT 
AAG 1440 

Thr Leu GluA sn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

TAA 1443 
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